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ABSTRACT 
 
Background & Objectives: Antibiotics are usually stable and biologically active. They have 
potential negative effects on the environment and organisms and cause drug resistance in 
humans. This study carried out to assess the performance of the Electro-Fenton process to 
remove Amoxicillin (AMX) from synthetic solution by using iron electrodes at different 
operating conditions. 
Methods: In present experimental study a Plexiglas cell (1.95 liter in volume) with two iron 
electrodes of 10×3×0.1 cm was used. Experiments were carried out at different conditions i.e. 
pH of 3 to 9, current density of 16.6 to 50 mAcm-2, 0.08 to 0.33 mole of H2O2 and initial 
amoxicillin concentration of 30 to 120 mg L-1 at reaction time of 10 and 120 min. AMX 
samples and total iron were measured using direct optical spectrometer at 294 nm and 
phenanthroline method at 510 nm, respectively. 
Results: The highest efficiency of 94% was observed at; initial pH=3, electrolyte of 2.5 g L-1, 
current density=50 mAcm-2, H2O2 concentration=0.16 M, initial amoxicillin concentration of 
30 mg L-1 with a retention time of 120 minutes. The highest concentration of iron in the 
effluent was recorded as 10.9 mg L-1 for a reaction time of 80 min, current density of 41.6 
mA.cm-2, pH = 3, H2O2 concentration of 0.16 M and the amoxicillin concentration of 80 mg 
L-1. 
Conclusion: The Electro-Fenton method demonstrated acceptable removal efficiency using 
iron electrodes from synthetic effluent on a laboratory scale. However, the removal efficiency 
was unacceptable for amoxicillin initial concentrations higher than 50 mg L-1. But, industrial 
effluents usually contain much lower concentrations than that of tested levels. 
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 ﻣﻘﺪﻣﻪ
ﻫـﺎ ﻣﻜـﺎﻥ  ﺑﻴﻮﺗﻴﻚ ﺁﻧﺘﻲﺩﺭ ﻣﻴﺎﻥ ﻫﻤﻪ ﺗﺮﻛﻴﺒﺎﺕ ﺩﺍﺭﻭﻳﻲ، 
ﺮﻑ ﺑﺎﻻ ﺩﺭ ﭘﺮﻭﺭﺵ ﺩﺍﻡ ﻭ ﭘﺰﺷﻜﻲ ﺭﺍ ﺑﻪ ﻋﻠﺖ ﻣﺼ ﻤﻲﻣﻬ
ﻱ ﻫـﺎ  . ﭘﺴﻤﺎﻧﺪ(2,1) ﺩﻫﻨﺪ ﺍﻧﺴﺎﻧﻲ ﺑﻪ ﺧﻮﺩ ﺍﺧﺘﺼﺎﺹ ﻣﻲ
ﻭ ﺍﻧﺴـﺎﻧﻲ ﺩﺭ ﻣﺤـﻴﻂ ﺯﻳﺴـﺖ  ﻣـﻲ ﻱ ﺩﺍﻫـﺎ  ﺑﻴﻮﺗﻴﻚ ﺁﻧﺘﻲ
ﺯﻣﻴﻨ ــﻲ، ﺧ ــﺎﻙ ﻭ ﻱ ﺳ ــﻄﺤﻲ ﻭ ﺯﻳﺮﻫ ــﺎ ﻫﻤﭽ ــﻮﻥ ﺁﺏ
. ﺍﻳـﻦ ﺗﺮﻛﻴﺒـﺎﺕ ﺍﺳﺎﺳـﺎً ﺍﺯ (3-5) ﺭﺳﻮﺑﺎﺕ ﺣﻀﻮﺭ ﺩﺍﺭﻧﺪ
ﻱ ﻓﺎﺿـﻼﺏ ﻭﻗﺘـﻲ ﻛـﻪ ﻫـﺎ  ﺧﺎﻧﻪ ﺗﺼﻔﻴﻪﻱ ﻫﺎ ﻳﻖ ﭘﺴﺎﺏﻃﺮ
ﺷـﻮﻧﺪ ﻭ ﻫﻤﭽﻨـﻴﻦ ﺁﻟـﻮﺩﮔﻲ ﻤـﻲ ﺑﻄﻮﺭ ﻛﺎﻣﻞ ﺣـﺬﻑ ﻧ 
ﺩﺭ . (6) ﺷـﻮﻧﺪ ﻣـﻲ ﻱ ﻃﺒﻴﻌـﻲ ﻭﺍﺭﺩ ﻣﺤـﻴﻂ ﻫـﺎ  ﺁﺑﺮﺍﻫﻪ
ﺍﺯ ﻟﺤـﺎﻅ  ﻣﻌﻤـﻮﻻً  ﻫـﺎ  ﺑﻴﻮﺗﻴﻚ ﺁﻧﺘﻲﻱ ﺍﺧﻴﺮ ﻭﺭﻭﺩ ﻫﺎ ﺳﺎﻝ
ﺗﺠﺰﻳﻪ ﺑﻴﻮﻟﻮژﻳﻜﻲ ﭘﺎﻳﺪﺍﺭ ﻭ ﻓﻌﺎﻝ ﻫﺴﺘﻨﺪ. ﺑﻨـﺎﺑﺮﺍﻳﻦ ﺁﻧﻬـﺎ 
 ﺭﺍ ﺩﺍﺭﻧـﺪ  ﻫﺎ ﭘﺘﺎﻧﺴﻴﻞ ﺍﺛﺮﺍﺕ ﻣﻨﻔﻲ ﺑﺮ ﻣﺤﻴﻂ ﻭ ﺍﺭﮔﺎﻧﻴﺴﻢ
ﺖ ﻣ  ـﺑﺎﻋﺚ ﺍﻳﺠـﺎﺩ ﻣﻘﺎﻭ  ﻫﺎ ﺑﻴﻮﺗﻴﻚ ﺁﻧﺘﻲﻤﭽﻨﻴﻦ . ﻫ(7-9)
 ،ﺑﺎﻛﺘﺮﻳ ــﺎﻳﻲ ﺩﺭ ﻣﻮﺟ ــﻮﺩﺍﺕ ﻣﺨﺼﻮﺻ ــﺎً ﺍﻧﺴ ــﺎﻥ ﺷ ــﺪﻩ 
ﻫﻤﭽﻨﻴﻦ ﺩﺭ ﺻﻮﺭﺕ ﻣﻮﺍﺟﻬـﻪ ﻃـﻮﻻﻧﻲ ﻣـﺪﺕ ﺍﺣﺘﻤـﺎﻝ 
 . (2,1) ﺍﻳﺠﺎﺩ ﺍﺧﺘﻼﻻﺕ ﺷﺪﻳﺪ ﮔﻮﺍﺭﺷﻲ ﻭﺟﻮﺩ ﺩﺍﺭﺩ
ﻱ ﻫـﺎ ﺑﻴﻮﺗﻴـﻚ ﺁﻧﺘـﻲ ﻭ( ﺟـﺰXMA) ﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦﺁ
ﺍﺳـﺖ ﻛـﻪ ﻳﻜـﻲ ﺍﺯ  ﻫـﺎ ﺑﺘﺎﻻﻛﺘﺎﻡ ﻭ ﺍﺯ ﺩﺳﺘﻪ ﭘﻨـﻲ ﺳـﻴﻠﻴﻦ 
 ﺖﺩﺭ ﺳﺮﺍﺳـﺮ ﺩﻧﻴـﺎ ﺍﺳ ـ ﻫﺎ ﺑﻴﻮﺗﻴﻚ ﺁﻧﺘﻲﭘﺮﻛﺎﺭﺑﺮﺩﺗﺮﻳﻦ 
 ﭼﻜﻴﺪﻩ
ﻫﺴـﺘﻨﺪ، ﺑﻨـﺎﺑﺮﺍﻳﻦ ﺁﻧﻬـﺎ ﻋـﻼﻭﻩ ﺑـﺮ ﺍﻳﺠـﺎﺩ  ﻭ ﻓﻌـﺎﻝ ﭘﺎﻳﺪﺍﺭ ﺍﺯ ﻟﺤﺎﻅ ﺗﺠﺰﻳﻪ ﺑﻴﻮﻟﻮژﻳﻜﻲ  ﻫﺎ ﻣﻌﻤﻮﻻً ﺁﻧﺘﻲ ﺑﻴﻮﺗﻴﻚ ﺯﻣﻴﻨﻪ ﻭ ﻫﺪﻑ:
ﺍﻳﻦ ﺗﺤﻘﻴﻖ ﺑﺎ ﻫﺪﻑ ﺍﺭﺯﻳﺎﺑﻲ ﻛﺎﺭﺍﻳﻲ ﺷﻮﻧﺪ.  ﺑﺮ ﻣﺤﻴﻂ ﻭ ﺍﺭﮔﺎﻧﻴﺴﻢ ﻫﺎ، ﺑﺎﻋﺚ ﻣﻘﺎﻭﻣﺖ ﺩﺍﺭﻭﻳﻲ ﺩﺭ ﺍﻧﺴﺎﻥ ﻣﻲﭘﺘﺎﻧﺴﻴﻞ ﺍﺛﺮﺍﺕ ﻣﻨﻔﻲ 
ﻓﺮﺁﻳﻨﺪ ﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ ﺑﻤﻨﻈﻮﺭ ﺣﺬﻑ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﺍﺯ ﭘﺴﺎﺏ ﺩﺳﺖ ﺳﺎﺯ ﺑﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﺍﺯ ﺍﻟﻜﺘـﺮﻭﺩ ﺁﻫـﻦ ﺩﺭ ﺷـﺮﺍﻳﻂ ﻣﺨﺘﻠـﻒ 
 ﺭﺍﻫﺒﺮﻱ ﺍﻧﺠﺎﻡ ﮔﺮﻓﺖ. 
ﻟﻴﺘـﺮ ﺑـﺎ ﺩﻭ ﺍﻟﻜﺘـﺮﻭﺩ ﺁﻫـﻦ ﺑـﺎ  1/59ﻟﻲ ﺍﺯ ﺟﻨﺲ ﭘﻠﻜﺴﻲ ﮔﻼﺱ ﺑﺎ ﺣﺠﻢ ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ ﺍﺯ ﻧﻮﻉ ﺗﺠﺮﺑﻲ ﺑﻮﺩﻩ ﻭ ﺳﻠﻮ ﺭﻭﺵ ﻛﺎﺭ:
، ﺷـﺪﺕ 9 ﺗـﺎ  3 Hpﺿﺨﺎﻣﺖ( ﺍﺳﺘﻔﺎﺩﻩ ﮔﺮﺩﻳﺪ. ﺁﺯﻣﺎﻳﺶ ﻫﺎ ﺑﺎ ﺷﺮﺍﻳﻂ ﻣﺨﺘﻠﻔـﻲ ﺍﺯ × ﻋﺮﺽ×ﺳﺎﻧﺘﻲ ﻣﺘﺮ )ﻃﻮﻝ0/1×3×01ﺍﺑﻌﺎﺩ
ﺩﺭ ﻣﻴﻠﻴﮕﺮﻡ ﺑﺮ ﻟﻴﺘـﺮ  021 ﺗﺎ 03 (XMA) ﻣﻮﻝ ﻭ ﻏﻠﻈﺖ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ0/33 ﺗﺎ 0/80 2O2H، 052-mc.Am ﺗﺎ 61/6ﺟﺮﻳﺎﻥ 
ﺗﺮﺗﻴﺐ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻃﻴﻒ ﺳـﻨﺞ ﻪ ﻭ ﺁﻫﻦ ﻛﻞ، ﺑ XMAﻫﺎﻱ  ﺩﻗﻴﻘﻪ ﺍﻧﺠﺎﻡ ﮔﺮﻓﺖ. ﺳﻨﺠﺶ ﻧﻤﻮﻧﻪ 021 ﺗﺎ 01 ﻫﺎﻱ ﻭﺍﻛﻨﺶ ﺯﻣﺎﻥ
 ﻧﺎﻧﻮﻣﺘﺮ( ﺍﻧﺠﺎﻡ ﮔﺮﻓﺖ. 015) ﻧﺎﻧﻮﻣﺘﺮ( ﻭ ﻓﻨﺎﻧﺘﺮﻭﻟﻴﻦ 492) ﻧﻮﺭﻱ ﻣﺴﺘﻘﻴﻢ
ﻣـﻮﻝ،  0/61 2O2H ،052-mc.Am ، ﺷـﺪﺕ ﺟﺮﻳـﺎﻥ 2/5  l/g، ﺍﻟﻜﺘﺮﻭﻟﻴـﺖ 3ﺍﻭﻟﻴـﻪ Hp ﺑﺎﻻﺗﺮﻳﻦ ﺳﻄﺢ ﺭﺍﻧـﺪﻣﺎﻥ ﺩﺭ  ﻳﺎﻓﺘﻪ ﻫﺎ:
ﺑﻴﺸـﺘﺮﻳﻦ ﻣﻘـﺪﺍﺭ ﺁﻫـﻦ ﺧﺮﻭﺟـﻲ ﺩﺭ ﺩﺭﺻﺪ ﺑﺪﺳﺖ ﺁﻣﺪ.  49ﺩﻗﻴﻘﻪ، ﺩﺭ ﺣﺪﻭﺩ  021ﺑﺎ ﺯﻣﺎﻥ ﻣﺎﻧﺪ  03 l/gmﻏﻠﻈﺖ ﻭﺭﻭﺩﻱ
ﻣـﻮﻝ ﭘﺮﺍﻛﺴـﻴﺪ  0/61، ﻣﻘﺪﺍﺭ 3 Hp، 14/6 2-mc.Amﺩﻗﻴﻘﻪ، ﺷﺪﺕ ﺟﺮﻳﺎﻥ  08ﺑﺮﺍﻱ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ 01/9 l/gm ﭘﺴﺎﺏ ﻓﺮﺍﻳﻨﺪ
 .ﺛﺒﺖ ﮔﺮﺩﻳﺪ 08 l/gm ﻫﻴﺪﺭﻭژﻥ ﻭ ﻏﻠﻈﺖ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ
ﺑﺎ ﺑﻜﺎﺭﮔﻴﺮﻱ ﺍﻟﻜﺘﺮﻭﺩ ﺁﻫﻦ ﺍﺯ ﭘﺴﺎﺏ ﺩﺳﺖ ﺳﺎﺯ ﺩﺭ ﻣﻘﻴﺎﺱ  XMAﺩﺭ ﺣﺬﻑ  ﻲﺭﺍﻧﺪﻣﺎﻥ ﻗﺎﺑﻞ ﻗﺒﻮﻟﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ  ﻧﺘﻴﺠﻪ ﮔﻴﺮﻱ:
ﻏﻴﺮﻗﺎﺑﻞ ﻗﺒﻮﻝ  05ﻫﺎﻱ ﺑﺎﻻﺗﺮ ﺍﺯ  ﺁﺯﻣﺎﻳﺸﮕﺎﻫﻲ ﺩﺭ ﺷﺮﺍﻳﻂ ﻣﺮﺑﻮﻁ ﺑﻪ ﺍﻳﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺸﺎﻥ ﺩﺍﺩ. ﺩﺭ ﻋﻴﻦ ﺣﺎﻝ ﺭﺍﻧﺪﻣﺎﻥ ﺑﺮﺍﻱ ﻏﻠﻈﺖ
 ﻛﻤﺘﺮﻱ ﺍﺯ ﻣﻄﺎﻟﻌﻪ ﻓﻮﻕ ﺩﺍﺭﻧﺪ.ﻫﺎﻱ ﺻﻨﻌﺘﻲ ﻏﻠﻈﺖ ﺧﻴﻠﻲ  ﺑﻮﺩ. ﺑﺎ ﺍﻳﻦ ﻭﺟﻮﺩ ﭘﺴﺎﺏ
 ﻫﺎﻱ ﺁﺑﻲ (، ﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ، ﺁﻧﺘﻲ ﺑﻴﻮﺗﻴﻚ، ﻣﺤﻠﻮﻝXMA) ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﻭﺍژﻩ ﻫﺎﻱ ﻛﻠﻴﺪﻱ:
 5931ﺗﺎﺑﺴﺘﺎﻥ ، ﺳﻮﻡ، ﺷﻤﺎﺭﻩ ﻫﻔﺘﻢﺳﺎﻝ ﺠﻠﻪ ﺳﻼﻣﺖ ﻭ ﺑﻬﺪﺍﺷﺖ                                                                              ﻣ 872
. ﺍﻳ ـﻦ ﺗﺮﻛﻴـﺐ ﺩﺭ ﻣﻴ ـﺎﻥ ﻣـﻮﺍﺩ ﺩﺍﺭﻭﻳ ـﻲ ﺩﺍﺭﺍﻱ (01,5)
ﻛـﻪ ﭘـﺲ ﺍﺯ ﻣﺼـﺮﻑ  ﺑﻄﻮﺭﻱ ،ﻛﻤﺘﺮﻳﻦ ﻣﺘﺎﺑﻮﻟﻴﺴﻢ ﺑﻮﺩﻩ
ﺗـﺎ  08ﺩﺭﺻﺪ ﺟﺬﺏ ﺑﺪﻥ ﺷـﺪﻩ ﻭ  02ﺗﺎ  01ﺁﻥ ﺣﺪﻭﺩ 
ﻃﺮﻳـ ــﻖ ﺍﺩﺭﺍﺭ ﻭ ﻣـ ــﺪﻓﻮﻉ ﺑﺼـ ــﻮﺭﺕ  ﺩﺭﺻـ ــﺪ ﺍﺯ 09
. (11,1) ﺷـﻮﺩ ﻧﻴﺎﻓﺘﻪ ﺑﻪ ﻣﺤﻴﻂ ﺯﻳﺴﺖ ﺗﺨﻠﻴـﻪ ﻣـﻲ ﺗﻐﻴﻴﺮ
 .(21) ﺩﻫﺪ ﻣﻲﺭﺍ ﻧﺸﺎﻥ  XMAﺳﺎﺧﺘﺎﺭ  1ﺷﻜﻞ 
  
 
 XMAﺳﺎﺧﺘﺎﺭ ﺷﻴﻤﻴﺎﻳﻲ  .1ﺷﻜﻞ 
 
ﻱ ﺍﺧﻴﺮ ﻣﻄﺎﻟﻌﺎﺕ ﻣﺘﻨﻮﻋﻲ ﺩﺭ ﺯﻣﻴﻨـﻪ ﺗﺠﺰﻳـﻪ ﻫﺎ ﺩﺭ ﺳﺎﻝ
ﻱ ﻫﺎ ﺍﺯ ﻃﺮﻳﻖ ﺭﻭﺵ XMAﻳﻲ ﻫﻤﭽﻮﻥ ﻫﺎ ﮔﺰﻧﻮﺑﻴﻮﺗﻴﻚ
ﺍﻛﺴﻴﺪﺍﺳـﻴﻮﻥ ﭘﻴﺸـﺮﻓﺘﻪ ﻣﺎﻧﻨـﺪ ﻓﻨﺘـﻮﻥ، ﺍﻟﻜﺘﺮﻭﻓﻨﺘـﻮﻥ، 
 ،VU-2O2H، 2O2H-3Oﻓﺘﻮﻓﻨﺘﻮﻥ، ﺍﻟﻜﺘﺮﻭﺍﻛﺴﻴﺪﺍﺳﻴﻮﻥ، 
. ﺍﻳ ــﻦ (61-31,9,7,1) ﺑ ـﻪ ﺍﻧﺠ ــﺎﻡ ﺭﺳ ــﻴﺪﻩ ﺍﺳ ــﺖ 2OiT
ﻱ ﺟﺪﻳـﺪ ﻣﻄـﺮﺡ ﺑـﻮﺩﻩ ﻭ ﺑـﻪ ﻫﺎ ﻭﺭﻱﺎﺟﺰء ﻓﻨ ﻫﺎ ﺭﻭﺵ
ﻱ ﻫـﺎ ﻛﻨﻨـﺪﻩ ﺑـﺮﺍﻱ ﺭﻭﺵ ﻋﻨﻮﺍﻥ ﻳﻚ ﺟﺎﻳﮕﺰﻳﻦ ﻭ ﺗﻜﻤﻴـﻞ 
ﻭﺭﻱ ﺎﺩﺭ ﺍﻳـ ــﻦ ﻣﻴـ ــﺎﻥ ﻓﻨـ  ــ. (71) ﻣﺘﻌـ ــﺎﺭﻑ ﻫﺴـ ــﺘﻨﺪ 
ﻳﻲ ﻧﻈﻴﺮ ﺧـﻮﺭﺩﮔﻲ ﻫﺎ ﺮﻏﻢ ﻣﺤﺪﻭﺩﻳﺖﻴﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ ﻋﻠ
ﻓﻠﺰﺍﺕ ﻣﻮﺭﺩ ﺍﺳﺘﻔﺎﺩﻩ ﺑﻌﻨـﻮﺍﻥ ﺁﻧـﺪ، ﻣﺼـﺮﻑ ﺑـﺮﻕ ﺩﺭ 
ﻣﻘﻴﺎﺱ ﺑـﺎﻻﺗﺮ ﻭ ﻫﻤﭽﻨـﻴﻦ ﺍﻳﺠـﺎﺩ ﺭﺳـﻮﺑﺎﺕ ﺭﻧﮕـﻲ ﺩﺭ 
ﻣﺤﻠﻮﻝ، ﺑﺪﻟﻴﻞ ﻧﻴﺎﺯ ﺑﻪ ﻫﺰﻳﻨﻪ ﻛﻠﻲ ﻛﻤﺘﺮ، ﺭﺍﻧﺪﻣﺎﻥ ﺑﺎﻻﻱ 
ﺑﻴﺸـﺘﺮﻳﻦ ﻛـﺎﺭﺑﺮﺩ ﺭﺍ  ﻫـﺎ ﺣﺬﻑ ﻭ ﺳﻤﻴﺖ ﭘﺎﻳﻴﻦ ﻣﻌـﺮﻑ 
. ﻳﻜﻲ ﺍﺯ ﺩﻳﮕﺮ ﻣﺰﺍﻳﺎﻱ ﻓﺮﺍﻳﻨﺪ ﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ (91,81) ﺩﺍﺭﺩ
ﻭ ﻣﺤﺼـﻮﻻﺕ  XMAﺣـﺬﻑ ﺗﺮﻛﻴﺒـﺎﺕ ﺁﻟـﻲ ﻫﻤﭽـﻮﻥ 
ﺍﺯ ﻃﺮﻳﻖ ﺟﺬﺏ ﺑﻪ ﺭﺳﻮﺑﺎﺕ  ﺳﺎﺩﻩ ﺣﺎﺻﻞ ﺍﺯ ﺗﺠﺰﻳﻪ ﺁﻥ
 ﺑﺎﺷـﺪ ﻫﻴﺪﺭﻭﻛﺴﻴﺪ ﺗﺸﻜﻴﻞ ﺷﺪﻩ ﺩﺭ ﻃـﻲ ﻓﺮﺍﻳﻨـﺪ ﻣـﻲ 
ﻱ ﻫﻴﺪﺭﻭﻛﺴﻴﻞ ﻣﻄﺎﺑﻖ ﻫﺎ ﺩﺭ ﺍﻳﻦ ﻓﺮﺍﻳﻨﺪ، ﺭﺍﺩﻳﻜﺎﻝ. (02)
ﺍﻛﺴـﻴﺪ  xOMﺷـﻮﺩ. ﺩﺭ ﺍﻳﻨﺠـﺎ ﻣـﻲ ﺗﻮﻟﻴﺪ  1ﺑﺎ ﻭﺍﻛﻨﺶ 
ﺁﺏ ﺩﺭ ﺁﻧ ــﺪ ﺍﻛﺴ ــﻴﺪ  2ﻓﻠ ــﺰﻱ ﺍﺳ ــﺖ. ﻃﺒ ــﻖ ﻭﺍﻛ ــﻨﺶ 
ﻱ ﻛﺎﺗﺪﻱ ﺭﺍ ﻫﺎ ﻧﻴﺰ ﻭﺍﻛﻨﺶ 4ﻭ  3ﻱ ﻫﺎ ﺷﻮﺩ ﻭ ﻣﻌﺎﺩﻟﻪ ﻣﻲ
 .(12) ﺩﻫﻨﺪ ﻣﻲﻧﺸﺎﻥ 
 :edonA
 )1(  e + +H + )*HO( xOM           O2H + xOM
 )2(       e4 + +H4 + 2O           O2H
 :edohtaC
 )3(         -HO2 + 2H           e + O2H2
 )4(      2O2H            e2 + +H2 + 2O
 
ﺍﺯ ﻃ ــﺮﻑ ﺩﻳﮕ ــﺮ ﻓﺮﺍﻳﻨ ــﺪ ﻓﻨﺘ ــﻮﻥ ﺩﺭ ﺣﻀ ــﻮﺭ ﻓﻠﺰﺍﺗ ــﻲ 
ﺗﻮﺍﻧﺪ ﺭﺥ ﺩﻫﺪ ﻛـﻪ ﺍﻳـﻦ ﻓﺮﺍﻳﻨـﺪ ﺩﺭ  ﻣﻲﻫﻤﭽﻮﻥ ﺁﻫﻦ 
ﺳـﺎﺯﻱ ﺷـﺪﻩ ﺍﺳـﺖ. ﺳـﺎﺩﻩ  6ﻭ  5ﻱ ﺷﻴﻤﻴﺎﻳﻲ ﻫﺎ ﻣﻌﺎﺩﻟﻪ
 ﻛﻨﻨﺪﻩﻮﺭ ﻋﻮﺍﻣﻞ ﺍﺣﻴﺎﻱ ﻫﻴﺪﺭﻭﻛﺴﻴﻞ ﺩﺭ ﺣﻀﻫﺎ ﺭﺍﺩﻳﻜﺎﻝ
( ﺍﺯ ﻃﺮﻳـﻖ ﺍﺣﻴـﺎﻱ ﭘﺮﺍﻛﺴـﺪﻫﻴﺪﺭﻭژﻥ 2+eFﺩﺭ ﺍﻳﻨﺠـﺎ )
ﺑ ـﺪﻟﻴﻞ ﻗـﺪﺭﺕ  ﻫـﺎ ﺷـﻮﻧﺪ. ﺍﻳ ـﻦ ﺭﺍﺩﻳﻜـﺎﻝ ﻣـﻲﺗﻮﻟﻴـﺪ 
ﻧﺴﻴﻞ ﺍﻛﺴﻴﺪﺍﺳﻴﻮﻥ ﺑـﺎﻻﺗﺮ ﺍﺯ ﭘﺘﺎ) ﺍﻛﺴﻴﺪﺍﺳﻴﻮﻥ ﺧﻴﻠﻲ ﺑﺎﻻ
ﺗﻮﺍﻧﺎﻳﻲ ﺗﺨﺮﻳﺐ ﻱ ﺩﻳﮕﺮ ﺑﻪ ﺟﺰ ﻓﻠﻮﺭﺍﻳﺪ( ﻫﺎ ﻛﻨﻨﺪﻩﺍﻛﺴﻴﺪ
 .(12) ﺭﺍ ﺩﺍﺭﻧﺪ XMAﺗﺮﻛﻴﺒﺎﺕ ﭘﻴﭽﻴﺪﻩ ﻫﻤﭽﻮﻥ 
 )5(   -HO + *HO + +3eF               2O2H + +2eF
 )6(    +H + 2O + +2eF             2OH + +3eF
ﺩﺭ ﺍﻏﻠﺐ ﻛﺎﺭﻫﺎﻳﻲ ﻛﻪ ﻗﺒﻼ ﺩﺭ ﺍﻳﻦ ﻣـﻮﺭﺩ ﺍﻧﺠـﺎﻡ ﺷـﺪﻩ 
ﻣﺴـﺘﻘﻴﻢ ﺍﺯ ﺑﺼـﻮﺭﺕ ﻏﻴﺮ  XMAﺍﺳﺖ، ﻣﻘﺎﺩﻳﺮ ﺣـﺬﻑ 
( ﻳـﺎ ﻛـﻞ DOC) ﻃﺮﻳﻖ ﺍﻛﺴـﻴﮋﻥ ﺑﺎﻗﻴﻤﺎﻧـﺪﻩ ﺷـﻴﻤﻴﺎﻳﻲ 
ﮔﻴـﺮﻱ ﺷـﺪﻩ ﺍﺳـﺖ. ﺑـﺪﻟﻴﻞ  ( ﺍﻧﺪﺍﺯﻩCOT) ﻛﺮﺑﻦ ﺁﻟﻲ
 01ﺗـﺎ  1) ﻫﺎ ﻈﺖ ﺩﺭ ﺍﻳﻦ ﺭﻭﺵﺍﻳﻨﻜﻪ ﻣﺤﺪﻭﺩﻩ ﺗﻌﻴﻴﻦ ﻏﻠ
ﻣﻴﻠﻲ ﮔﺮﻡ ﺑﺮ ﻟﻴﺘﺮ( ﭘﺎﻳﻴﻦ ﺍﺳﺖ، ﻟﺬﺍ ﺩﺭ ﻣﻄﺎﻟﻌـﻪ ﺣﺎﺿـﺮ 
 . (2) ﺍﺳﺘﻔﺎﺩﻩ ﺷﺪ XMAﺍﺯ ﺳﻨﺠﺶ ﻣﺴﺘﻘﻴﻢ 
ﻓﺮﺁﻳﻨﺪ  ﺑﺮ ﻋﻤﻠﻜﺮﺩ ﻣﻮﺛﺮ ﻨﺎﻳﺖ ﺑﻪ ﺍﻳﻨﻜﻪ ﭘﺎﺭﺍﻣﺘﺮﻫﺎﻱﺑﺎ ﻋ
، ﺩﺯ ﺍﻭﻟﻴـﻪ ﺁﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦ، Hpﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ ﺷـﺎﻣﻞ 
ﻣﻴﺰﺍﻥ ﺟﺮﻳﺎﻥ ﺍﻟﻜﺘﺮﻳﺴـﻴﺘﻪ ﺍﻋﻤـﺎﻝ ﺷـﺪﻩ، ﻣـﺪﺕ ﺯﻣـﺎﻥ 
ﻭﺍﻛـﻨﺶ، ﺩﺯ ﭘﺮﺍﻛﺴـﻴﺪﻫﻴﺪﺭﻭژﻥ ﻭ ﺁﻫـﻦ ﺩﻭﻇﺮﻓﻴﺘـﻲ 
ﺑـﺎ ﺗﻮﺟـﻪ ﺑـﻪ ﺍﻳﻨﻜـﻪ ﻣﻄﺎﻟﻌـﺎﺕ  ﺑﺎﺷـﺪ ﻭ ﻫﻤﭽﻨـﻴﻦ ﻣـﻲ
ﺎﺯﻱ ﺷﻤﺎﺭﻱ ﺩﺭ ﺳﻄﺢ ﺟﻬﺎﻥ ﺩﺭ ﺯﻣﻴﻨﻪ ﻣﻌﺪﻧﻲ ﺳ ﺍﻧﮕﺸﺖ
ﻣﻨﺘﺸﺮ ﺷﺪﻩ ﺍﺳﺖ، ﻟﺬﺍ ﻫﺪﻑ ﺍﺯ  sPOAﺑﻮﺳﻴﻠﻪ  XMA
 XMA ﺍﻳﻦ ﺗﺤﻘﻴﻖ ﻛﺎﺭﺑﺮﺩ ﻓﺮﺍﻳﻨﺪ ﺍﻟﻜﺘﺮﻭﻓﻨﺘـﻮﻥ ﺣـﺬﻑ 
 972ﻣﺤﺴﻦ ﺭﺿﺎﻳﻲ ﻭ ﻫﻤﻜﺎﺭﺍﻥ                  ...                                         ﻛﺎﺭﺑﺮﺩ ﻓﺮﺁﻳﻨﺪ ﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ
 
ﺍﺯ ﭘﺴﺎﺏ ﻣﺼﻨﻮﻋﻲ ﺩﺭ ﻣﻘﺎﺩﻳﺮ ﻣﺨﺘﻠﻒ ﭘﺎﺭﺍﻣﺘﺮﻫﺎﻱ ﺫﻛﺮ 
 ﺑﺎﺷﺪ.  ﻣﻲﺷﺪﻩ 
 
 ﺭﻭﺵ ﻛﺎﺭ
ﺍﻳــﻦ ﺗﺤﻘﻴــﻖ ﻳــﻚ ﻣﻄﺎﻟﻌــﻪ ﺗﺠﺮﺑــﻲ ﺩﺭ ﻣﻘﻴــﺎﺱ 
ﻛﻪ ﺩﺭ ﻳـﻚ ﺳﻴﺴـﺘﻢ ﺑﺴـﺘﻪ ﺑﺼـﻮﺭﺕ  ﺑﻮﺩ ﺁﺯﻣﺎﻳﺸﮕﺎﻫﻲ
 .ﺳﻴﺪﺍﻧﺠﺎﻡ ﺭﻪ ﺑﻃﺮﺡ ﭘﺎﻳﻠﻮﺕ 
 ﻫﺎ ﺍﺑﺰﺍﺭ ﻭ ﻣﻌﺮﻑ
 ×ﻋـﺮﺽ  ×ﻃـﻮﻝ ) ﺳﺎﻧﺘﻴﻤﺘﺮ 51×01×31ﺳﻠﻮﻟﻲ ﺑﺎ ﺍﺑﻌﺎﺩ 
ﻟﻴﺘـﺮ ﺍﺯ ﺟـﻨﺲ ﭘﻠﻜﺴـﻲ ﮔـﻼﺱ ﻭ  1/59ﺍﺭﺗﻔﺎﻉ( ﺑﺎ ﺣﺠﻢ 
ﺁﻧـﺪ ﻭ ﻛﺎﺗـﺪ( ﺑـﺎ ﺍﺑﻌـﺎﺩ ) ﻳﻲ ﺍﺯ ﺟـﻨﺲ ﺁﻫـﻦ ﻫﺎ ﺍﻟﻜﺘﺮﻭﺩ
ﺿـﺨﺎﻣﺖ( ﺑـﺎ  ×ﻋـﺮﺽ  ×ﺍﺭﺗﻔـﺎﻉ ) ﺳﺎﻧﺘﻴﻤﺘﺮ 0/1×3×01
 ﺳـﺎﻧﺘﻴﻤﺘﺮ ﻣﺮﺑـﻊ ﻭ ﺣﺠـﻢ ﻣﻔﻴـﺪ  03ﻣﺴﺎﺣﺖ ﻣﺴﺘﻐﺮﻕ 
ﺟﺮﻳـﺎﻥ ﻔﺎﺩﻩ ﻗـﺮﺍﺭ ﮔﺮﻓـﺖ. ﺍﻋﻤـﺎﻝ ﻟﻴﺘﺮ ﻣﻮﺭﺩ ﺍﺳﺘ 1/3
ﻣﺒـﺪﻝ ) ﺑﺮﻕ ﺑﻮﺳﻴﻠﻪ ﻳﻚ ﻣﻨﺒﻊ ﺗﻐﺬﻳـﻪ ﺗﺮﺍﻧﺴـﻔﻮﺭﻣﺎﺗﻮﺭ 
 Hpﺟﺮﻳ ـﺎﻥ ﻣﺘﻨ ـﺎﻭﺏ ﺑ ـﻪ ﺟﺮﻳ ـﺎﻥ ﻣﺴـﺘﻘﻴﻢ(، ﺳـﻨﺠﺶ 
 nacsrebyC-0051ﻣـﺪﻝ ) ﻣﺘﺮ Hp ﺍﺯ ﻃﺮﻳﻖ ﻫﺎ ﻧﻤﻮﻧﻪ
ﺑﺪﻭﻥ ) ﺑﺼﻮﺭﺕ ﻗﺮﺍﺋﺖ ﻣﺴﺘﻘﻴﻢ XMA(، ﺳﻨﺠﺶ .oC
ﻧﻴﺎﺯ ﺑﻪ ﺗﺸﻜﻴﻞ ﻛﻤﭙﻜﺲ ﺭﻧﮕـﻲ( ﺑـﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﺍﺯ ﺩﺳـﺘﮕﺎﻩ 
 (.oC EGNAL HCAH-0005RD) ﺍﺳـﭙﻜﺘﺮﻭﻓﺘﻮﻣﺘﺮﻱ 
ﻭ ﺳــﻨﺠﺶ ﺁﻫــﻦ ﻛــﻞ  (22)  492ﺩﺭ ﻃــﻮﻝ ﻣــﻮﺝ 
-ﻓﻨـﺎﻧﺘﺮﻭﻟﻴﻦ ) ﺑﺎﻗﻴﻤﺎﻧﺪﻩ ﻣﻄﺎﺑﻖ ﺑﺎ ﻛﺘﺎﺏ ﺍﺳﺘﺎﻧﺪﺍﺭﺩ ﻣﺘﺪ
 ﺑــﺎ ﺍﺳـ ـﺘﻔﺎﺩﻩ ﺍﺯ ﺩﺳــﺘﮕﺎﻩ ﺍﺳـ ـﭙﻜﺘﺮﻭﻓﺘﻮﻣﺘﺮﻱ ( 0053
 015ﺝ ﻃﻮﻝ ﻣﻮﺩﺭ  (.oC EGNAL HCAH-0005RD)
، ﺟﻠﻮﮔﻴﺮﻱ ﺍﺯ ﺗﻪ ﻧﺸﻴﻨﻲ ﺳﻮﺳﭙﺎﻧﺴـﻴﻮﻥ ﺍﺯ (32) ﻧﺎﻧﻮﻣﺘﺮ
ﺩﻭﺭ ﺩﺭ ﺩﻗﻴﻘﻪ ﻭ  002ﻃﺮﻳﻖ ﻫﻤﺰﻥ ﻣﮕﻨﺘﻴﻚ ﺑﺎ ﺳﺮﻋﺖ 
ﺑﻮﺳـﻴﻠﻪ ﺻـﺎﻓﻲ ﻏﺸـﺎﻳﻲ  ﻫﺎ ﺣﺬﻑ ﺭﺳﻮﺑﺎﺕ ﻣﻌﻠﻖ ﻧﻤﻮﻧﻪ
ﻓﺮﺁﻳﻨـﺪ ﺩﺭ . ﺷـﻤﺎﺗﻴﻚ ﮔﺮﻓـﺖﻣﻴﻜـﺮﻭﻥ، ﺍﻧﺠـﺎﻡ  0/54
 ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳﺖ.  2ﺷﻜﻞ 
 
 
 
 ﺷﻤﺎﺗﻴﻚ ﺳﻠﻮﻝ ﺍﻟﻜﺘﺮﻭﺷﻴﻤﻴﺎﻳﻲ .2 ﺷﻜﻞ
 
 0/1% ﻭ ﻫﻴﺪﺭﻭﻛﺴﻴﺪﺳــﺪﻳﻢ 01ﺍﺳــﻴﺪ ﺳــﻮﻟﻔﻮﺭﻳﻚ 
، ﻫــﺎ ﻧﻤﻮﻧــﻪ Hpﻧﺮﻣــﺎﻝ ﺟﻬــﺖ ﺗﻨﻈــﻴﻢ ﻭ ﺳــﻨﺠﺶ 
ﻛﻨﻨـﺪﻩ ﺟﺮﻳـﺎﻥ ﻛﻠﺮﺍﻳﺪ ﺑﻌﻨﻮﺍﻥ ﺍﻟﻜﺘﺮﻭﻟﻴﺖ ﺗﻘﻮﻳـﺖ  ﺳﺪﻳﻢ
ﺟﻬﺖ ﺗﻌﻴﻴﻦ ﻣﻘﺎﺩﻳﺮ ﺁﻫﻦ ﻛﻞ ﺩﺭ  .ﺑﺮﻕ ﺍﺳﺘﻔﺎﺩﻩ ﮔﺮﺩﻳﺪ
ﺯ ﻓﺮﺍﻳﻨـﺪ ﭘـﺲ ﺍﺯ ﻫـﺮ ﺯﻣـﺎﻥ ﻭﺍﻛـﻨﺶ، ﭘﺴﺎﺏ ﺧﺮﻭﺟﻲ ﺍ
ﻱ ﻓﻨـــﺎﻧﺘﺮﻭﻟﻴﻦ، ﺁﻣﻮﻧﻴـــﻮﻡ ﺍﺳـــﺘﺎﺕ، ﻫـــﺎ ﻣﻌـــﺮﻑ
ﺍﺳـــﻴﺪﻛﻠﺮﻳﺪﺭﻳﻚ ﻏﻠـــﻴﻆ، ﻫﻴﺪﺭﻭﻛﺴـــﻴﻞ ﺁﻣـــﻴﻦ 
ﻣ ــﻮﺍﺩ    ﻣﻲﻫﻴﺪﺭﻭﻛﻠﺮﺍﻳ ــﺪ ﺍﺳ ــﺘﻔﺎﺩﻩ ﮔﺮﺩﻳﺪﻧ ــﺪ. ﺗﻤ ــﺎ 
% ﻭ 53 2O2Hﻫﻤــﺮﺍﻩ ﻪ ﺷـ ـﻴﻤﻴﺎﻳﻲ ﺫﻛــﺮ ﺷــﺪﻩ ﺑـ  ـ
% ﺍﺯ ﺷــﺮﻛﺖ ﻣــﺮﻙ ﺁﻟﻤــﺎﻥ 99ﺳــﻴﻠﻴﻦ ﺁﻣﻮﻛﺴــﻲ 
 ﺧﺮﻳﺪﺍﺭﻱ ﺷﺪﻧﺪ.
  ﻫﺎ ﻣﺮﺍﺣﻞ ﺁﺯﻣﺎﻳﺶ
ﺑﻬﻴﻨﻪ ﺍﻧﺠـﺎﻡ  Hpﺑﻤﻨﻈﻮﺭ ﺗﻌﻴﻴﻦ  ﻫﺎ ﻣﺎﻳﺶﻣﺮﺣﻠﻪ ﺍﻭﻝ ﺁﺯ
ﺩﺭ  9ﻭ  7، 5، 3ﻱ ﺍﻭﻟﻴـﻪ ﻫـﺎ Hpﮔﺮﻓﺖ. ﺍﻳﻦ ﻣﺮﺣﻠﻪ ﺩﺭ 
ﺩﻗﻴﻘ ــﻪ ﺩﺭ  021ﻭ  08، 05، 03، 01ﻱ ﻣﺎﻧ ــﺪ ﻫ ــﺎ ﺯﻣ ــﺎﻥ
، ﻏﻠﻈـﺖ 04 2-mc.Amﺷﺪﺕ ﺟﺮﻳـﺎﻥ  ﻣﻘﺎﺩﻳﺮ ﺛﺎﺑﺘﻲ ﺍﺯ
ﻣـ ــﻮﻝ ﻭ ﻏﻠﻈـ ــﺖ ﺍﻭﻟﻴـ ــﻪ  0/61ﭘﺮﺍﻛﺴـ ــﻴﺪﻫﻴﺪﺭﻭژﻥ 
ﺍﻧﺠـﺎﻡ ﮔﺮﻓـﺖ. ﻣﺮﺣﻠـﻪ  05 1-L.gmﺁﻣﻮﻛﺴﻲ ﺳـﻴﻠﻴﻦ 
ﺑﻤﻨﻈﻮﺭ ﺗﻌﻴﻴﻦ ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﺑﻬﻴﻨﻪ، ﺩﺭ  ﻫﺎ ﻳﺶﺩﻭﻡ ﺁﺯﻣﺎ
ﻣﻴﻠﻲ ﺁﻣﭙﺮ  05ﻭ  14/6، 33/3، 62/6، 61/6ﻱ ﻫﺎ ﺷﺪﺕ
ﺑﺪﺳـﺖ ﺁﻣـﺪﻩ ﺍﺯ ) 3ﺑﻬﻴﻨـﻪ  Hpﺑﺮ ﺳﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ، ﺩﺭ 
ﻣـﻮﻝ ﻭ  0/61ﻣﺮﺣﻠﻪ ﻗﺒﻞ(، ﻏﻠﻈﺖ ﭘﺮﺍﻛﺴﻴﺪﻫﻴﺪﺭﻭژﻥ 
 5931ﺗﺎﺑﺴﺘﺎﻥ ، ﺳﻮﻡ، ﺷﻤﺎﺭﻩ ﻫﻔﺘﻢﺳﺎﻝ ﺠﻠﻪ ﺳﻼﻣﺖ ﻭ ﺑﻬﺪﺍﺷﺖ                                                                              ﻣ 082
ﺩﺭ ﻫﻤـﺎﻥ  05 1-L.gmﻏﻠﻈﺖ ﺍﻭﻟﻴﻪ ﺁﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦ 
ﺳﻮﻡ ﺑﺎ  ﻱ ﻣﺎﻧﺪ ﻣﺮﺣﻠﻪ ﻗﺒﻞ ﺍﺩﺍﻣﻪ ﻳﺎﻓﺖ. ﻣﺮﺣﻠﻪﻫﺎ ﺯﻣﺎﻥ
ﻫـﺪﻑ ﺗﻌﻴ ـﻴﻦ ﻏﻠﻈـﺖ ﺑﻬﻴﻨ ـﻪ ﭘﺮﺍﻛﺴـﻴﺪﻫﻴﺪﺭﻭژﻥ ﺑ ــﺎ 
ﻣﻮﻝ ﺩﺭ ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﺑﻬﻴﻨﻪ  0/33ﺗﺎ  0/80ﻱ ﻫﺎ ﻏﻠﻈﺖ
 3ﺑﻬﻴﻨـﻪ  Hpﺣﺎﺻﻞ ﺍﺯ ﻣﺮﺣﻠﻪ ﻗﺒﻞ(، ) 14/6 2-mc.Am
ﺑﺪﺳﺖ ﺁﻣﺪﻩ ﺍﺯ ﻣﺮﺣﻠﻪ ﺍﻭﻝ(، ﻏﻠﻈﺖ ﺍﻭﻟﻴﻪ ﺁﻣﻮﻛﺴـﻲ )
ﻱ ﻣﺎﻧـﺪ ﻣﺮﺍﺣـﻞ ﻫﺎ ﺩﺭ ﻫﻤﺎﻥ ﺯﻣﺎﻥ 05 1-L.gm ﺳﻴﻠﻴﻦ
 ﻫـﺎ  ﻪ ﺁﺧﺮ ﺁﺯﻣﺎﻳﺶﻗﺒﻞ ﺑﻪ ﺍﻧﺠﺎﻡ ﺭﺳﻴﺪ. ﺳﺮﺍﻧﺠﺎﻡ ﻣﺮﺣﻠ
ﺑﻪ ﻣﻨﻈﻮﺭ ﺗﻌﻴﻴﻦ ﻣﻨﺎﺳﺒﺘﺮﻳﻦ ﻏﻠﻈﺖ ﺁﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦ 
ﺑﺮﺍﻱ ﺣﺬﻑ ﺩﺭ ﺷﺮﺍﻳﻂ ﺗﻌﺮﻳﻒ ﺷﺪﻩ ﺑﺮﺍﻱ ﺍﻳﻦ ﻣﻄﺎﻟﻌـﻪ 
ﺗـﺎ  03) 05 1-L.gmﻱ ﭘﺎﻳﻴﻦ ﺗﺮ ﻭ ﺑﺎﻻﺗﺮ ﺍﺯ ﻫﺎ ﺩﺭ ﻏﻠﻈﺖ
( ﻧﻴﺰ ﺍﻧﺠﺎﻡ ﮔﺮﻓﺖ. ﺍﻳﻦ ﻣﺮﺣﻠﻪ ﺑـﺎ ﺷـﺪﺕ 021 1-L.gm
ﻭ ﻏﻠﻈـﺖ  3ﺑﻬﻴﻨ ـﻪ  Hp، 04 2-mc.Amﺟﺮﻳ ـﺎﻥ ﺑﻬﻴﻨ ـﻪ 
ﻱ ﻫـﺎ ﻣـﻮﻝ ﺩﺭ ﺯﻣـﺎﻥ  0/61ﺭﻭژﻥ ﺑﻬﻴﻨﻪ ﭘﺮﺍﻛﺴـﻴﺪﻫﻴﺪ 
ﻣﺎﻧﺪ ﻣﺨﺘﻠﻒ ﺗﻌﺮﻳﻒ ﺷﺪﻩ ﻫﻤﺎﻧﻨﺪ ﻣﺮﺍﺣﻞ ﻗﺒﻞ ﺑﻪ ﭘﺎﻳﺎﻥ 
( ﺍﺯ ﻣﻌﺎﺩﻟـﻪ  X ) ﺑﺮﺍﻱ ﻣﺤﺎﺳﺒﻪ ﺭﺍﻧﺪﻣﺎﻥ ﺣـﺬﻑ  ﺭﺳﻴﺪ.
 ﺯﻳﺮ ﺍﺳﺘﻔﺎﺩﻩ ﮔﺮﺩﻳﺪ: 
 001× 0C / )C - 0C( = )%( X
 Cﻭ  ﺁﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦ ﻏﻠﻈﺖ ﺍﻭﻟﻴﻪ 0C ﺩﺭ ﺍﻳﻦ ﻓﺮﻣﻮﻝ
 ﺍﺳﺖ.  tﺩﺭ ﺯﻣﺎﻥ  ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﻏﻠﻈﺖ
 
 ﻳﺎﻓﺘﻪ ﻫﺎ
 ﺧﻼﺻﻪ ﺷﺪﻩ ﺍﺳﺖ.  1ﻭ ﺟﺪﻭﻝ  3ﻧﺘﺎﻳﺞ ﺩﺭ ﺷﻜﻞ  ﻣﻲﺗﻤﺎ
 ﺑﻬﻴﻨﻪ Hpﺗﻌﻴﻴﻦ 
 Hpﺗﺮﻳﻦ ﺭﺍﻧـﺪﻣﺎﻥ ﺣـﺬﻑ ﺩﺭ ﻣﺮﺣﻠـﻪ ﺍﻭﻝ ﺩﺭ  ﺁﻝ ﺍﻳﺪﻩ
% ﻭ ﻛﻤﺘـﺮﻳﻦ 49ﺩﻗﻴﻘﻪ ﺩﺭ ﺣـﺪﻭﺩ  021ﭘﺲ ﺍﺯ  3ﺍﻭﻟﻴﻪ 
 01ﺩﺭ ﺯﻣـﺎﻥ ﻭﺍﻛـﻨﺶ  9ﺍﻭﻟﻴـﻪ  Hpﻣﻴـﺰﺍﻥ ﺣـﺬﻑ ﺩﺭ 
 3Hp % ﺑﺪﺳـﺖ ﺁﻣـﺪ. ﺑﻨـﺎﺑﺮﺍﻳﻦ01ﺩﻗﻴﻘـﻪ ﺩﺭ ﺣـﺪﻭﺩ 
ﺩﺍﻣـﻪ ﻣﺮﺍﺣـﻞ ﺍﻧﺘﺨـﺎﺏ ﺑـﺮﺍﻱ ﺍ  Hpﺑﻌﻨﻮﺍﻥ ﻣﻨﺎﺳـﺒﺘﺮﻳﻦ 
ﮔﺮﺩﻳﺪ. ﺑﻴﺸﺘﺮﻳﻦ ﻣﻘﺎﺩﻳﺮ ﺭﺍﻧﺪﻣﺎﻥ ﺣـﺬﻑ ﻣﺮﺑـﻮﻁ ﺑـﻪ 
ﺩﺭ ﺣـﺪﻭﺩ  9ﻭ  7، 5، 3ﻱ ﻫﺎHpﺍﻳﻦ ﻣﺮﺣﻠﻪ ﺑﺘﺮﺗﻴﺐ ﺩﺭ 
 021ﻱ ﻣﺎﻧﺪ ﻫﺎ ﺩﺭﺻﺪ ﺑﺮﺍﻱ ﺯﻣﺎﻥ 97ﻭ  65/5، 18، 49
 ﺑﺪﺳﺖ ﺁﻣﺪ.  Hpﺩﻗﻴﻘﻪ ﺑﺮﺍﻱ ﻫﺮ ﭼﻬﺎﺭ 
 ﺗﻌﻴﻴﻦ ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﺑﻬﻴﻨﻪ
ﻱ ﺟﺮﻳـﺎﻥ ﻣﺨﺘﻠـﻒ، ﻫـﺎ  ﺩﺭ ﻣﺮﺣﻠﻪ ﺩﻭﻡ ﺑﺎ ﺍﻋﻤﺎﻝ ﺷﺪﺕ
ﺁﻣﭙـﺮ  ﻣﻴﻠﻲ 05ﺗﺮﻳﻦ ﺍﻋﺪﺍﺩ ﺑﺮﺍﻱ ﺷﺪﺕ ﺟﺮﻳﺎﻥ  ﺁﻝ ﺍﻳﺪﻩ
ﺑﺮ ﺳﺎﻧﺘﻴﻤﺘﺮ ﻣﺮﺑﻊ ﺛﺒﺖ ﮔﺮﺩﻳﺪ. ﺍﻣﺎ ﺑﺪﻟﻴﻞ ﻳﻜﺴﺎﻥ ﺑﻮﺩﻥ 
ﺁﻣﭙـﺮ  ﻣﻴﻠﻲ 05ﻭ  14/6ﻱ ﺣﺬﻑ ﺩﺭ ﻫﺎ ﺗﻘﺮﻳﺒﻲ ﺭﺍﻧﺪﻣﺎﻥ
ﺑﻌﻨﻮﺍﻥ ﺷـﺪﺕ ﺟﺮﻳـﺎﻥ ﺑﻬﻴﻨـﻪ  14/6ﺑﺮ ﺳﺎﻧﺘﻴﻤﺘﺮ ﻣﺮﺑﻊ، 
ﺍﻧﺘﺨـﺎﺏ ﮔﺮﺩﻳـﺪ. ﺑـﺎﻻﺗﺮﻳﻦ  ﻫـﺎ ﺑـﺮﺍﻱ ﺍﺩﺍﻣـﻪ ﺁﺯﻣـﺎﻳﺶ
ﺩﺭ ﻠـﻪ ﺑﺘﺮﺗﻴـﺐ ﻱ ﻣﺮﺑـﻮﻁ ﺑـﻪ ﺍﻳـﻦ ﻣﺮﺣﻫـﺎ ﺭﺍﻧـﺪﻣﺎﻥ
ﺁﻣﭙﺮ  ﻣﻴﻠﻲ 05ﻭ  14/6، 33/3، 62/6، 61/6ﻱ ﻫﺎ ﺷﺪﺕ
 69ﻭ  49، 48، 38، 47ﺩﺭ ﺣ ــﺪﻭﺩ  ﺑ ــﺮ ﺳ ــﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ 
 021، 021، 05،  05ﻱ ﻣﺎﻧﺪ ﻫﺎ ﺩﺭﺻﺪ ﺑﺘﺮﺗﻴﺐ ﺩﺭ ﺯﻣﺎﻥ
ﺗـﺮﻳﻦ ﺭﺍﻧـﺪﻣﺎﻥ ﻭ  ﺩﻗﻴﻘـﻪ ﺑﺪﺳـﺖ ﺁﻣـﺪ. ﭘـﺎﻳﻴﻦ021 ﻭ
ﻣﺤﺪﻭﺩﺗﺮﻳﻦ ﮔﺴﺘﺮﻩ ﺭﺍﻧـﺪﻣﺎﻥ ﺩﺭ ﺍﻳـﻦ ﻣﺮﺣﻠـﻪ ﺑـﺮﺍﻱ 
ﺑـﺮ ﺳـﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ ﺩﺭ  ﺁﻣﭙـﺮ ﻣﻴﻠـﻲ  61ﺷﺪﺕ ﺟﺮﻳـﺎﻥ 
 % ﺑﻮﺩ. 86ﺣﺪﻭﺩ 
 ﺑﻬﻴﻨﻪ ﺗﻌﻴﻴﻦ ﭘﺮﺍﻛﺴﻴﺪﻫﻴﺪﺭﻭژﻥ
ﺩﺭ ﻣﺮﺣﻠﻪ ﺳـﻮﻡ ﺑـﺎ ﺗﻐﻴﻴـﺮﺍﺕ ﺍﻧﺠـﺎﻡ ﮔﺮﻓﺘـﻪ ﺑـﺮ ﺭﻭﻱ 
ﻣﻘﺎﺩﻳﺮ ﺗﺰﺭﻳﻘﻲ ﭘﺮﺍﻛﺴﻴﺪﻫﻴﺪﺭﻭژﻥ، ﻣﻨﺎﺳـﺒﺘﺮﻳﻦ ﺣﺠـﻢ 
ﻣﻮﻝ ﺑﻮﺩ. ﺑﺎ ﺍﻳﻦ ﻭﺟـﻮﺩ ﺑـﺪﻟﻴﻞ ﻣﻘـﺎﺩﻳﺮ  0/42ﺗﺰﺭﻳﻘﻲ 
 0/61ﻟـﺬﺍ  ،ﻣﻮﻝ 0/61ﺣﺬﻑ ﻧﺰﺩﻳﻚ ﺑﻪ ﻣﻘﺪﺍﺭ ﺗﺰﺭﻳﻘﻲ 
ژﻥ ﺑﻌﻨـﻮﺍﻥ ﻣﻴـﺰﺍﻥ ﺑﻬﻴﻨـﻪ ﺑـﺮﺍﻱ ﻣﻮﻝ ﭘﺮﺍﻛﺴـﻴﺪﻫﻴﺪﺭﻭ 
ﻱ ﻫـﺎ ﺍﺩﺍﻣﻪ ﻓﺮﺍﻳﻨﺪﻫﺎ ﺍﻧﺘﺨﺎﺏ ﺷﺪ. ﺣﺪ ﺑﻴﺸﻴﻨﻪ ﺭﺍﻧـﺪﻣﺎﻥ 
ﻣﺮﺑﻮﻁ ﺑﻪ ﺍﻳﻦ ﻣﺮﺣﻠﻪ ﺑﺘﺮﺗﻴﺐ ﺍﺯ ﻛﻤﺘﺮﻳﻦ ﺑﻪ ﺑﻴﺸـﺘﺮﻳﻦ 
ﺩﺭﺻـﺪ  19ﻭ  59، 49، 35/4ﺣﺠﻢ ﺗﺰﺭﻳﻘـﻲ ﺩﺭ ﺣـﺪﻭﺩ 
 021ﻭ  021، 021،  05ﻱ ﻣﺎﻧـﺪ ﻫـﺎ ﺑﺘﺮﺗﻴـﺐ ﺩﺭ ﺯﻣـﺎﻥ
 ﺩﻗﻴﻘﻪ ﺑﺪﺳﺖ ﺁﻣﺪ. 
 ﺑﻬﻴﻨﻪﺗﻌﻴﻴﻦ ﻏﻠﻈﺖ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ 
ﻣﺸـﻬﻮﺩ ﺍﺳـﺖ، ﺩﺯ ﺗﺰﺭﻳﻘـﻲ  3ﻤﺎﻧﻄﻮﺭ ﻛـﻪ ﺍﺯ ﺷـﻜﻞ ﻫ
ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﺩﺍﺭﺍﻱ ﺑﻴﺸﺘﺮﻳﻦ ﺣـﺬﻑ ﺩﺭ ﭘـﺎﻳﻴﻨﺘﺮﻳﻦ 
ﺑﺎﺷﺪ. ﻣﻘﺎﺩﻳﺮ ﺣﺬﻑ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﺑـﺮﺍﻱ  ﻣﻲﻏﻠﻈﺖ 
ﻣﻴﻠﻴﮕﺮﻡ ﺑـﺮ ﻟﻴﺘـﺮ ﺑﺘﺮﺗﻴـﺐ  021ﻭ  08، 05، 03ﺩﺯﻫﺎﻱ 
ﺩﻗﻴﻘﻪ  021ﺩﺭﺻﺪ ﺩﺭ ﺯﻣﺎﻥ ﻣﺎﻧﺪ  65ﻭ  86، 28/6، 49
 ﺑﺮﺍﻱ ﻫﺮ ﺩﺯ ﺗﺰﺭﻳﻘﻲ ﺑﻮﺩ.
ﺩﺭ ﻣﻄﺎﻟﻌــ ــﻪ ﺣﺎﺿــ ــﺮ ﺩﺭ  Hpﻣﻘــ ــﺎﺩﻳﺮ ﺍﻓــ ــﺰﺍﻳﺶ 
ﻳﻲ ﻛـﻪ ﺩﺭ ﺷـﺮﺍﻳﻂ ﺛـﺎﺑﺘﻲ ﺍﺯ ﻏﻠﻈـﺖ ﻫﺎ ﺁﺯﻣﺎﻳﺶ ﻣﻲﺗﻤﺎ
ﻭﺭﻭﺩﻱ ﺁﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦ، ﺷ ــﺪﺕ ﺟﺮﻳ ـﺎﻥ ﻭ ﻣﻴ ــﺰﺍﻥ 
 182ﻣﺤﺴﻦ ﺭﺿﺎﻳﻲ ﻭ ﻫﻤﻜﺎﺭﺍﻥ                  ...                                         ﻛﺎﺭﺑﺮﺩ ﻓﺮﺁﻳﻨﺪ ﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ
 
ﺑﻬﻴﻨﻪ ﺍﻧﺠﺎﻡ ﮔﺮﺩﻳﺪﻧﺪ،  Hpﺍﻟﻜﺘﺮﻭﻟﻴﺖ ﺑﻪ ﻣﻨﻈﻮﺭ ﺗﻌﻴﻴﻦ 
ﻳﻲ ﻛـﻪ ﻫﺎ ﻣﻘﺎﺩﻳﺮ ﻣﺨﺘﻠﻔﻲ ﺭﺍ ﻧﺸﺎﻥ ﺩﺍﺩﻧﺪ. ﺩﺭ ﺁﺯﻣﺎﻳﺶ
ﺩﻗﻴﻘ ــﻪ ﺍﺯ  06ﺍﻧﺠ ــﺎﻡ ﺷ ــﺪﻧﺪ ﭘ ــﺲ ﺍﺯ  3ﺍﻭﻟﻴ ــﻪ  Hpﺩﺭ 
ﺑﻄـﻮﺭ ﻛﻠـﻲ ﺣـﺪﺍﻛﺜﺮ ﺗـﺎ  Hpﺍﻓـﺰﺍﻳﺶ ﻓﺮﺁﻳﻨﺪ، ﻣﻴﺰﺍﻥ 
ﺭﺅﻳـﺖ  ﻫـﺎ ﺑﻮﺩ. ﺩﺭ ﺍﻳـﻦ ﻣﺮﺣﻠـﻪ ﺍﺯ ﺁﺯﻣـﺎﻳﺶ  6ﺣﺪﻭﺩ 
ﺭﺳـ ــﻮﺑﺎﺕ ﻫﻴﺪﺭﻭﻛﺴـ ــﻴﺪ ﺁﻫـ ــﻦ ﻧﺴـ ــﺒﺘﺎً ﻛﻤﺘـ ــﺮ ﺍﺯ 
 3ﺍﻭﻟﻴـﻪ ﺑـﺎﻻﺗﺮ ﺍﺯ  Hpﻱ ﺩﻳﮕﺮﻱ ﺑﻮﺩ ﻛﻪ ﺑـﺎ ﻫﺎ ﺁﺯﻣﺎﻳﺶ
ﺩﻗﻴﻘﻪ ﺍﺯ  03ﻭ ﺍﻳﻦ ﺭﺳﻮﺑﺎﺕ ﺗﻘﺮﻳﺒﺎ ًﭘﺲ ﺍﺯ  ﮔﺮﻓﺖﺍﻧﺠﺎﻡ 
 Hpﺩﺭ  Hpﻓﺮﺁﻳﻨﺪ ﻣﺸﺎﻫﺪﻩ ﺷﺪﻧﺪ. ﺣﺪﺍﻛﺜﺮ ﺍﻓـﺰﺍﻳﺶ 
ﺑـﻪ ﺍﻧﺠـﺎﻡ  Hpﻳﻲ ﻛـﻪ ﺩﺭ ﺍﻳـﻦ ﻫـﺎ  ، ﺩﺭ ﺁﺯﻣﺎﻳﺶ5ﺍﻭﻟﻴﻪ 
ﺑـ ــﻮﺩ. ﺗﺸـ ــﻜﻴﻞ  8ﺭﺳـ ــﻴﺪﻧﺪ ﻣﻌﻤـ ــﻮﻻً ﺗـ ــﺎ ﺣـ ــﺪﻭﺩ 
 02ﺣﺪﻭﺩﺍً ﭘـﺲ ﺍﺯ  Hpﻫﻴﺪﺭﻭﻛﺴﻴﺪﻫﺎﻱ ﺁﻫﻦ ﺩﺭ ﺍﻳﻦ 
ﺍﻭﻟﻴـﻪ  Hpﻳﻲ ﻛـﻪ ﺩﺭ ﻫﺎ ﺩﻗﻴﻘﻪ ﺷﺮﻭﻉ ﺷﺪ. ﺩﺭ ﺁﺯﻣﺎﻳﺶ
ﺍﻓـﺰﺍﻳﺶ ﻳﺎﻓـﺖ ﻭ  01/3ﺣﺪﺍﻛﺜﺮ ﺗﺎ  Hpﺍﺩﺍﻣﻪ ﻳﺎﻓﺘﻨﺪ،  7
ﺭﺅﻳﺖ ﺭﺳـﻮﺑﺎﺕ ﻫﻴﺪﺭﻭﻛﺴـﻴﺪ ﺁﻫـﻦ ﺩﺭ ﺍﻳـﻦ ﻣﺮﺣﻠـﻪ 
 9ﺍﻭﻟﻴـﻪ  Hpﺩﻗﻴﻘﻪ ﺷـﺮﻭﻉ ﺷـﺪ. ﺩﺭ  01ﭘﺲ ﺍﺯ  ﺗﻘﺮﻳﺒﺎً
 Hpﺑﻴﺸﺘﺮﻳﻦ ﻣﻴﺰﺍﻥ ﺭﺳﻮﺏ ﻣﺸﺎﻫﺪﻩ ﺷـﺪ ﻭ ﺍﻓـﺰﺍﻳﺶ 
 ﺍﻣﻜﺎﻧﭙﺬﻳﺮ ﺷﺪ. 11/5ﺑﺮﺍﻱ ﺗﺎ ﺣﺪﻭﺩ 
ﻣﻘـــﺎﺩﻳﺮ ﺁﻫـــﻦ ﻭﺭﻭﺩﻱ ﺑـــﻪ ﻣﺤﻠـــﻮﻝ ﺩﺭ ﻃـــﻲ 
ﺩﺭﺝ ﺷـﺪﻩ ﺍﺳـﺖ. ﺍﻳـﻦ  1ﺩﺭ ﺟﺪﻭﻝ  ﻫﺎ ﺁﺯﻣﺎﻳﺶ ﻣﻲﺗﻤﺎ
ﺁﻫﻦ ﺑﺸﻜﻞ ﺁﻫﻦ ﻛﻞ ﺳـﻨﺠﺶ ﺷـﺪﻩ ﺍﺳـﺖ. ﺑـﺎﻻﺗﺮﻳﻦ 
 01/9ﺩﺭ ﺣـﺪﻭﺩ  ﺳﻄﺢ ﺁﻫﻦ ﺩﺭ ﭘﺴﺎﺏ ﻓﺮﺍﻳﻨﺪ ﺑﺘﺮﺗﻴﺐ
ﺩﻗﻴﻘﻪ، ﺷـﺪﺕ  08ﻣﻴﻠﻴﮕﺮﻡ ﺑﺮ ﻟﻴﺘﺮ ﺑﺮﺍﻱ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ 
ﻣ ــﻮﻝ  0/61، ﻣﻘ ــﺪﺍﺭ 3 Hp، 14/6 2-mc.Amﺟﺮﻳ ــﺎﻥ 
 08ﭘﺮﺍﻛﺴﻴﺪ ﻫﻴـﺪﺭﻭژﻥ ﻭ ﻏﻠﻈـﺖ ﺁﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦ 
 0/3ﺗـﺮﻳﻦ ﺳـﻄﺢ ﺩﺭ ﺣـﺪﻭﺩ ﻣﻴﻠﻴﮕﺮﻡ ﺑـﺮ ﻟﻴﺘـﺮ ﭘـﺎﻳﻴﻦ 
ﺩﻗﻴﻘﻪ، ﺷﺪﺕ  021ﻣﻴﻠﻴﮕﺮﻡ ﺑﺮ ﻟﻴﺘﺮ ﺑﺮﺍﻱ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ 
ﻣـ ــﻮﻝ  0/61ﺍﺭ ، ﻣﻘـ ــﺪ9 Hp، 052-mc.Amﺟﺮﻳـ ــﺎﻥ 
 03ﭘﺮﺍﻛﺴﻴﺪ ﻫﻴـﺪﺭﻭژﻥ ﻭ ﻏﻠﻈـﺖ ﺁﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦ 
 ﻣﻴﻠﻴﮕﺮﻡ ﺑﺮ ﻟﻴﺘﺮ ﺛﺒﺖ ﮔﺮﺩﻳﺪ.
 
 
 
 04ﺗﺎ 61/6ﻱ ﺟﺮﻳﺎﻥﻫﺎ ، ﺷﺪﺕ9ﺗﺎ  3ﻱ ﺍﻭﻟﻴﻪ ﻫﺎHpﻱ ﻭﺍﻛﻨﺶ ﻣﻌﻴﻦ ﺩﺭ ﺷﺮﺍﻳﻂ ﻣﺨﺘﻠﻒ ﺁﺯﻣﺎﻳﺶ ﺷﺎﻣﻞ ﻫﺎ ﻧﺘﺎﻳﺞ ﺣﺬﻑ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﺑﺮﺍﻱ ﺯﻣﺎﻥ .3ﺷﻜﻞ 
 021 1-L.gmﺗﺎ  05ﻣﻮﻝ ﻭ ﻏﻠﻈﺖ ﻭﺭﻭﺩﻱ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ  0/33ﺗﺎ  0/80ﺗﺰﺭﻳﻘﻲ  ﻣﻴﻠﻲ ﺁﻣﭙﺮ ﺑﺮ ﺳﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ، ﻏﻠﻈﺖ ﭘﺮﺍﻛﺴﻴﺪﻫﻴﺪﺭﻭژﻥ
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 ﻱ ﻣﺎﻧﺪ ﻣﺨﺘﻠﻒ ﻭ ﺷﺮﺍﻳﻂ ﻓﺮﺁﻳﻨﺪﻱ ﻣﺨﺘﻠﻒ.ﻫﺎ ﻣﻴﺎﻧﮕﻴﻦ ﻏﻠﻈﺖ ﺁﻫﻦ ﻛﻞ ﺩﺭ ﭘﺴﺎﺏ ﺧﺮﻭﺟﻲ ﺩﺭ ﺯﻣﺎﻥ. 1ﺟﺪﻭﻝ 
 
 
 ﺑﺤﺚ
 ﺍﺛﺮ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ
 3ﺩﺭ ﺷـﻜﻞ  ﻫـﺎ  ﻧﺮﺥ ﺣﺬﻑ ﺍﺯ ﺷﺮﻭﻉ ﺗﺎ ﺍﻧﺘﻬﺎﻱ ﺁﺯﻣﺎﻳﺶ
ﻳﻚ ﻫﻤﺒﺴﺘﮕﻲ ﻛﺎﻣـﻞ ﺑـﻴﻦ  3ﺷﻜﻞ  .ﺳﺖﻛﺎﻣﻼً ﻣﺸﻬﻮﺩ ﺍ
ﺩﻫـﺪ. ﺑـﺎ ﻣـﻲ ﺯﻣﺎﻥ ﻣﺎﻧﺪ ﻭ ﺭﺍﻧـﺪﻣﺎﻥ ﺣـﺬﻑ ﺭﺍ ﻧﺸـﺎﻥ 
ﺍﻓ ــﺰﺍﻳﺶ ﺯﻣ ــﺎﻥ ﻭﺍﻛ ــﻨﺶ ﺭﺍﻧ ــﺪﻣﺎﻥ ﺣ ــﺬﻑ ﺩﺭ ﺍﻏﻠ ــﺐ 
ﺍﻓﺰﺍﻳﺶ ﻳﺎﻓﺘﻪ ﺍﺳﺖ. ﺑﺎ ﺍﻳﻦ ﺣﺎﻝ ﺑـﺎ ﺍﻓـﺰﺍﻳﺶ  ﻫﺎ ﺁﺯﻣﺎﻳﺶ
ﻛﻤﺘـﺮ ﺷـﺪﻩ  XMAﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ، ﻧﺮﺥ ﻭ ﺷﻴﺐ ﺣﺬﻑ 
ﺍﺳﺖ. ﺍﻳﻦ ﻗﻀﻴﻪ ﻣﺮﺑﻮﻁ ﺑﻪ ﻭﺍﻛـﻨﺶ ﺳـﺮﻳﻊ ﻓﻨﺘـﻮﻥ ﺩﺭ 
 ﺍﺯ ﺍﺑﺘــﺪﺍﻱ ﻓﺮﺍﻳﻨــﺪ ﺍﺳــﺖ ﻣــﺪﺕ ﺯﻣــﺎﻥ ﻛﻤﺘــﺮﻱ
ﻱ ﻫـﺎ . ﺍﻓﺰﺍﻳﺶ ﺯﻣﺎﻥ ﻣﺎﻧﺪ ﺍﺣﺘﻤﺎﻻً ﻭﺍﻛـﻨﺶ (02,11,2,1)
ﻣﺮﺑـﻮﻁ ﺑـﻪ ﺗﻮﻟﻴـﺪ  XMA ﻏﺎﻟﺐ ﺩﺭ ﺗﺠﺰﻳـﻪ ﻭ ﺣـﺬﻑ 
ﺭﺍ ﺗﺮﻏﻴـﺐ  1ﻱ ﻫﻴﺪﺭﻭﻛﺴـﻴﻞ ﻃـﻲ ﻭﺍﻛـﻨﺶ ﻫﺎ ﺭﺍﺩﻳﻜﺎﻝ
ﻧﻤﻮﺩﻩ ﻛﻪ ﺑﺪﻭﻥ ﺗﻮﻟﻴﺪ ﺍﻟﻘﺎﻳﻲ ﺍﻛﺴـﻴﮋﻥ ﻓﻌـﺎﻝ ﺩﺭ ﻃـﻲ 
ﺍﻓﺘـﺪ. ﻣـﻲ ﻓﺮﺍﻳﻨﺪ، ﻭﺍﻛﻨﺶ ﻓﻨﺘـﻮﻥ ﻛﻨـﺪ ﻭ ﻛﻤﺘـﺮ ﺍﺗﻔـﺎﻕ 
ﻭ ﺍﻓـﺰﺍﻳﺶ  3)HO(eF ﻮﺑﺎﺕﻫﻤﭽﻨﻴﻦ ﺗﻮﻟﻴﺪ ﺑﻴﺸﺘﺮ ﺭﺳ ـ
ﻣﺤﻠ ــﻮﻝ ﺩﺭ  Hpﺟ ــﺬﺏ ﺳ ــﻄﺤﻲ ﻧﺎﺷ ــﻲ ﺍﺯ ﺍﻓ ــﺰﺍﻳﺶ 
 ﺑﺎﺷـﺪ ﻣـﻲ ﻱ ﻣﺎﻧﺪ ﺑﺎﻻﺗﺮ ﻋﻠﺖ ﺍﺣﺘﻤﺎﻟﻲ ﺩﻳﮕﺮﻱ ﻫﺎ ﺯﻣﺎﻥ
ﻩ . ﺍﻳـﻦ ﺭﻭﻧـﺪ ﺩﺭ ﻣﻄﺎﻟﻌـﺎﺕ ﺩﻳﮕـﺮ ﻧﻴـﺰ ﻣﺸـﺎﻫﺪ (02)
(. ﺁﻫﻦ ﻣﺤﻠـﻮﻝ ﺑـﺪﻟﻴﻞ ﺍﻛﺴﻴﺪﺍﺳـﻴﻮﻥ 41،11) ﺷﻮﺩ ﻣﻲ
ﺁﻫ ــﻦ ﻓﻠ ــﺰﻱ ﺑ ــﻪ ﺁﻫ ــﻦ ﺩﻭ ﻇﺮﻓﻴﺘ ــﻲ ﻃ ــﻲ ﻓﺮﺁﻳﻨ ــﺪ 
ﺷـﻮﺩ. ﺁﻫـﻦ ﻣـﻲ ﺗﻮﻟﻴﺪ  1ﺍﻟﻜﺘﺮﻭﺷﻴﻤﻴﺎﻳﻲ، ﻃﺒﻖ ﻭﺍﻛﻨﺶ 
ﺑﺎﻻﺗﺮ ﺗﺒﺪﻳﻞ ﺑﻪ ﺁﻫـﻦ ﺳـﻪ  Hp ﺩﻭﻇﺮﻓﻴﺘﻲ ﺩﺭ ﻣﻘﺎﺩﻳﺮ
 ﻇﺮﻓﻴﺘﻲ ﺷﺪﻩ ﻭ ﺑﺼﻮﺭﺕ ﺭﺳـﻮﺏ ﻫﻴﺪﺭﻭﻛﺴـﻴﺪ ﺁﻫـﻦ 
ﺍﺯ ﭘﺴـﺎﺏ ﺧﺮﻭﺟـﻲ ﺟـﺪﺍ ﺷـﺪﻩ ﻭ ﺭﺳـﻮﺏ  (3)HO(eF)
 ﻫـﺎ ﺁﺯﻣـﺎﻳﺶ   ﻣﻲﺩﺭ ﺗﻤـﺎ  1ﻃﺒﻖ ﺟـﺪﻭﻝ . (42) ﻛﻨﺪ ﻣﻲ
 08ﺗـﺎ  01ﻣﻘﺎﺩﻳﺮ ﺁﻫﻦ ﻛﻞ ﺑﺎ ﺍﻓﺰﺍﻳﺶ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ ﺍﺯ 
ﺩﻗﻴﻘﻪ ﺩﻭﺑﺎﺭﻩ ﺑـﻪ ﺻـﻮﺭﺕ  08ﺩﻗﻴﻘﻪ ﺍﻓﺰﺍﻳﺶ ﻭ ﭘﺲ ﺍﺯ 
ﺧﻔﻴﻔﻲ ﻛﺎﻫﺶ ﻳﺎﻓﺖ. ﻫﻤﺎﻧﻄﻮﺭ ﻛﻪ ﺩﺭ ﻣﻄﺎﻟﻌـﺎﺕ ﺩﻳﮕـﺮ 
ﻧﻴﺰ ﻗﺎﺑﻞ ﻣﺸﺎﻫﺪﻩ ﺍﺳﺖ، ﺗﺰﺭﻳﻖ ﻣﺪﺍﻭﻡ ﺁﻫﻦ ﻣﺤﻠﻮﻝ ﺍﺯ 
ﻗﺮﺑـﺎﻧﻲ( ﺑـﺎ ﺳـﭙﺮﻱ ﺷـﺪﻥ ﺯﻣـﺎﻥ ) ﻃﺮﻳﻖ ﺍﻟﻜﺘﺮﻭﺩ ﺁﻧﺪ
ﮔـﺮﺩﺩ ﻛـﻪ ﻣـﻲ ﺣﺎﻟﺖ ﺗﺠﻤﻌﻲ ﺑﻪ ﺧﻮﺩ ﮔﺮﻓﺘﻪ ﻭ ﺑﻴﺸـﺘﺮ 
ﻣﻄﺎﺑﻖ  Hpﻣﻘﺪﺍﺭﻱ ﺍﺯ ﺁﻥ ﺩﺭ ﺍﺩﺍﻣﻪ ﻓﺮﺍﻳﻨﺪ ﺑﺎ ﺍﻓﺰﺍﻳﺶ 
ﺷـﻮﺩ. ﻣـﻲ ﺑﺼﻮﺭﺕ ﺭﺳﻮﺏ ﺍﺯ ﻣﺤﻠـﻮﻝ ﺟـﺪﺍ  1ﻭﺍﻛﻨﺶ 
 ﻱ ﻣﺎﻧـﺪ ﻫـﺎ ﺯﻣـﺎﻥ  ﻣﻲﺩﺭ ﺗﻤﺎ Hpﮔﻴﺮﻱ  ﻫﻤﭽﻨﻴﻦ ﺍﻧﺪﺍﺯﻩ
ﺩﻫﺪ ﻛـﻪ ﺍﻳـﻦ  ﻣﻲﻧﺘﺎﻳﺞ ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﻧﺸﺪﻩ ﺍﺳﺖ( ﻧﺸﺎﻥ )
ﺗﺒﺪﻳﻞ  Hpﺸﺘﺮ ﺩﻗﻴﻘﻪ ﺑﺎ ﺍﻓﺰﺍﻳﺶ ﺑﻴ 08ﺭﺳﻮﺑﺎﺕ ﭘﺲ ﺍﺯ 
ﻛـﻪ ﺍﺣﺘﻤـﺎﻻً  ﺷـﻮﻧﺪ ﻣـﻲ ﺑﻪ ﺭﺳﻮﺑﺎﺕ ﻫﻴﺪﺭﻭﻛﺴﻴﺪﺁﻫﻦ 
 ﺷﺮﺍﻳﻂ ﺁﺯﻣﺎﻳﺶ
  ﺩﻗﻴﻘﻪ() ﺁﻫﻦ ﻛﻞ ﺩﺭ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ
 021 08 05 03 01
 Hp
 7  01/2  9/9  0/9  1/4 3
  1/1  7/1  6/6  0/6 1 5
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 ﺷﺪﺕ ﺟﺮﻳﺎﻥ 
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ﺩﻗﻴﻘﻪ ﻧﺴﺒﺖ ﺑـﻪ  021ﺩﻟﻴﻞ ﺍﻓﺖ ﺧﻔﻴﻒ ﺁﻫﻦ ﺩﺭ ﺯﻣﺎﻥ 
 ﺑﺎﺷﺪ. ﻣﻲﺩﻗﻴﻘﻪ  08
  Hpﺍﺛﺮ 
ﺩﺭ ﻣﻄﺎﻟﻌـﻪ ﺣﺎﺿـﺮ ﺩﺭ  XMAﺑﺎﻻﺗﺮﻳﻦ ﻣﻴـﺰﺍﻥ ﺣـﺬﻑ 
ﺍﻭﻟﻴـﻪ  Hp % ﺛﺒﺖ ﮔﺮﺩﻳﺪ ﻛﻪ ﺍﻳـﻦ ﻣﻘـﺪﺍﺭ ﺩﺭ 49ﺣﺪﻭﺩ 
ﺩﺭ  XMAﺍﺗﻔﺎﻕ ﺍﻓﺘﺎﺩ. ﻇﺎﻫﺮﺍً ﻋﻠﺖ ﺣﺬﻑ ﺑﺎﻻﻱ  3ﺑﺮﺍﺑﺮ 
 6ﻭ 5ﺭﺧﺪﺍﺩ ﻛﺎﻣﻞ ﻓﺮﺍﻳﻨﺪ ﻓﻨﺘﻮﻥ ﻃﺒﻖ ﻣﻌﺎﺩﻟﻪ  Hp ﺍﻳﻦ
 ﻫـﺎ ﺍﻭﻟﻴـﻪ ﺩﺭ ﺍﺩﺍﻣـﻪ ﺁﺯﻣـﺎﻳﺶ  Hpﺍﺳﺖ. ﻫﻤﺎﻧﻄﻮﺭ ﻛﻪ 
ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﻧﻴﺰ ﺍﻓﺖ ﻛﺮﺩ ﺗﺎ ﺍﻳﻨﻜﻪ  ،ﺍﻓﺰﺍﻳﺶ ﺩﺍﺩﻩ ﺷﺪ
ﺩﻗﻴﻘـﻪ ﺍﺯ ﻓﺮﺍﻳﻨـﺪ ﺍﺯ  021ﺭﺍﻧﺪﻣﺎﻥ ﺩﺭ  7ﺑﺮﺍﺑﺮ  Hpﺩﺭ 
ﺍﻭﻟﻴـﻪ ﺑـﻪ ﺳـﻤﺖ  Hp% ﺭﺳﻴﺪ. ﺑﺎ ﺍﻓـﺰﺍﻳﺶ 65/5ﺑﻪ  49
ﻭﺑﺎﺭﻩ ﺑﻴﺸـﺘﺮ ﺷـﺪﻩ ﺍﺳـﺖ ﻛـﻪ ﻗﻠﻴﺎﻳﻲ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺩ
ﺗ ــﻮﺍﻥ ﺑ ــﻪ ﺗﺸ ــﻜﻴﻞ ﺑﻬﺘ ــﺮ ﺭﺳ ــﻮﺑﺎﺕ  ﻣ ــﻲﻋﻠ ــﺖ ﺁﻥ ﺭﺍ 
ﻱ ﻫﺎ ﻧﺴﺒﺖ ﺩﺍﺩ. ﻣﻮﻟﻜﻮﻝ Hpﻫﻴﺪﺭﻭﻛﺴﻴﺪ ﺁﻫﻦ ﺩﺭ ﺍﻳﻦ 
ﺑﻪ ﺳﻄﺢ ﺭﺳﻮﺑﺎﺕ ﭼﺴـﺒﻴﺪﻩ ﻭ ﺍﺯ ﻣﺤﻠـﻮﻝ ﺟـﺪﺍ  XMA
ﺩﺭ ﻃﻮﻝ ﻓﺮﺁﻳﻨـﺪ ﺍﻟﻜﺘﺮﻭﺷـﻴﻤﻴﺎﻳﻲ  Hp .(02) ﺷﻮﻧﺪ ﻣﻲ
 ﺑﻄﻮﺭ ﻛﻠﻲ ﺑﺪﻟﻴﻞ ﺗﻮﻟﻴـﺪ  Hp ﻳﺎﺑﺪ. ﺍﻓﺰﺍﻳﺶ ﻣﻲﺍﻓﺰﺍﻳﺶ 
ﺩﺭ ﺍﻟﻜﺘﺮﻭﺩ ﻛﺎﺗﺪ ﻭ ﺣﻀﻮﺭ ﻫﻴﺪﺭﻭﻛﺴﻴﺪﻫﺎﻱ ﻓﻠﺰﻱ  HO
ﺍﻧﺪ  ﺗﺸﻜﻴﻞ ﺷﺪﻩ ﺩﺭ ﺁﻧﺪ ﻛﻪ ﺑﻄﻮﺭ ﻛﺎﻣﻞ ﺗﺮﺳﻴﺐ ﻧﻴﺎﻓﺘﻪ
 Hp ﻫﻤﭽﻨـﻴﻦ ﺍﻓـﺰﺍﻳﺶ ﺩﺭ ﻣﻘـﺪﺍﺭ . (11) ﺩﻫﺪ ﻣﻲﺭﺥ 
ﺗﻮﺍﻧﺪ ﻧﺘﻴﺠﻪ ﻣﺘﺼﺎﻋﺪ ﺷﺪﻥ ﮔـﺎﺯ  ﻣﻲﻧﻬﺎﻳﻲ ﺣﺎﺻﻞ ﺷﺪﻩ 
(. ﻛ ــﻪ ﺍﻳ ــﻦ 3ﻭﺍﻛ ــﻨﺶ ) ﻫﻴ ــﺪﺭﻭژﻥ ﺩﺭ ﻛﺎﺗ ــﺪ ﺑﺎﺷ ــﺪ 
ﻣﺸ ــﺎﻫﺪﻩ  ﻫ ــﺎﻱ ﮔ ــﺎﺯ ﺩﺭ ﻃ ــﻮﻝ ﺁﺯﻣ ــﺎﻳﺶ ﻫ ــﺎ ﺣﺒ ــﺎﺏ
ﺩﺭ ﻣﻄﺎﻟﻌـﻪ ﺣﺎﺿـﺮ ﺩﺭ  Hp ﮔﺮﺩﻳﺪﻧﺪ. ﻣﻘﺎﺩﻳﺮ ﺍﻓﺰﺍﻳﺶ
ﻳﻲ ﻛﻪ ﺩﺭ ﺷـﺮﺍﻳﻂ ﺛـﺎﺑﺘﻲ ﺍﺯ ﻏﻠﻈـﺖ ﻫﺎ ﺁﺯﻣﺎﻳﺶ  ﻣﻲﺗﻤﺎ
ﺷ ــﺪﺕ ﺟﺮﻳ ـﺎﻥ ﻭ ﻣﻴ ــﺰﺍﻥ ﻭﺭﻭﺩﻱ ﺁﻣﻮﻛﺴـﻲ ﺳـﻴﻠﻴﻦ، 
ﺑﻬﻴﻨﻪ ﺍﻧﺠﺎﻡ ﮔﺮﺩﻳﺪﻧﺪ،  Hp ﺍﻟﻜﺘﺮﻭﻟﻴﺖ ﺑﻪ ﻣﻨﻈﻮﺭ ﺗﻌﻴﻴﻦ
ﻱ ﻫـﺎﻣﻘـﺎﺩﻳﺮ ﻣﺨﺘﻠﻔـﻲ ﺭﺍ ﻧﺸـﺎﻥ ﺩﺍﺩﻧـﺪ. ﺩﺭ ﺁﺯﻣـﺎﻳﺶ 
ﺑﻄﻮﺭ ﻛﻠـﻲ  Hp ، ﻣﻴﺰﺍﻥ ﺍﻓﺰﺍﻳﺶ3ﺍﻭﻟﻴﻪ  Hp ﻣﺮﺑﻮﻁ ﺑﻪ
ﺑـﻮﺩ.  6/5ﺩﻗﻴﻘـﻪ ﺣـﺪﺍﻛﺜﺮ ﻭ ﺗـﺎ ﺣـﺪﻭﺩ  021ﺩﺭ ﺯﻣﺎﻥ 
ﺩﺭ ﺷﺮﺍﻳﻂ ﺍﺳـﻴﺪﻱ ﺑـﻪ ﻣﺮﺍﺗـﺐ ﻛﻤﺘـﺮ ﺍﺯ  Hp ﺍﻓﺰﺍﻳﺶ
ﻕ ﺍﻓﺘـﺎﺩ. ﺑـﻪ ﺍﻳـﻦ ﻋﻠـﺖ ﺭﺳـﻮﺑﺎﺕ ﺗﻔـﺎ ﺷﺮﺍﻳﻂ ﻗﻠﻴـﺎﻳﻲ ﺍ 
ﺩﺭ  )3)HO(eF( ﺍﻱ ﺭﻧــﮓ ﻫﻴﺪﺭﻭﻛﺴــﻴﺪﺁﻫﻦ ﻗﻬــﻮﻩ
ﺷـﺮﺍﻳﻂ ﻗﻠﻴ ـﺎﻳﻲ ﻧﺴ ــﺒﺖ ﺑ ـﻪ ﺷ ــﺮﺍﻳﻂ ﺍﺳـﻴﺪﻱ ﺑﻴﺸ ــﺘﺮ 
ﺑﺘﺮﺗﻴﺐ ﺗﺎ ﺣـﺪﻭﺩ  9ﻭ  7، 5ﺍﻭﻟﻴﻪ  Hpﻣﺸﺎﻫﺪﻩ ﺷﺪ. ﺩﺭ 
ﺩﻗﻴﻘﻪ ﺑـﻮﺩ.  021ﺩﺭ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ  11/5ﻭ  01/5، 8/3
ﻧﻬﺎﻳﻲ ﺍﺯ ﺗﻐﻴﻴﺮﺍﺕ ﭼﻨﺪﺍﻧﻲ ﺩﺭ ﻃﻲ  Hp ﺩﺭ ﻣﺤﻴﻂ ﻗﻠﻴﺎﻳﻲ
ﻣﺎﻧﺪ ﺳﭙﺮﻱ ﺷﺪﻩ ﻣﺸﺎﻫﺪﻩ ﻧﮕﺮﺩﻳﺪ. ﺑﻨﺎﺑﺮﺍﻳﻦ  ﻱﻫﺎ ﺯﻣﺎﻥ
 9 Hpﺑﻪ ﺍﺣﺘﻤﺎﻝ ﺯﻳﺎﺩ ﺑﺪﻟﻴﻞ ﺗﻮﻟﻴﺪ ﺭﺳﻮﺑﺎﺕ ﺑﻴﺸـﺘﺮ ﺩﺭ 
ﻗﻠﻴـﺎﻳﻲ ﺑﻴﺸـﺘﺮ  Hpﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺩﺭ  7 Hpﻧﺴﺒﺖ ﺑﻪ 
 3ﺑـﺎﻻﺗﺮ ﺍﺯ  Hp ﻳﻲ ﻛـﻪ ﺑـﺎ ﻫﺎ ﺍﺯ ﺧﻨﺜﻲ ﺑﻮﺩ. ﺩﺭ ﺁﺯﻣﺎﻳﺶ
ﺍﻧﺪ ﻏﻠﻈﺖ ﺁﻫﻦ ﻣﺤﻠﻮﻝ ﺩﺭ ﭘﺴـﺎﺏ ﻧﺴـﺒﺖ  ﺍﻧﺠﺎﻡ ﺷﺪﻩ
ﺎﻣﻨﺎﺳـﺐ ﻋﻠـﺖ ﺁﻥ ﺗﺸـﻜﻴﻞ ﻧ ،ﻛﻤﺘـﺮ ﺑﻮﺩﻧـﺪ 3 Hpﺑـﻪ 
ﺍﻭﻟﻴﻪ ﻭ ﻧﻬﺎﻳﻲ ﭘﺎﻳﻴﻦ ﺩﺭ ﺍﻳﻦ  Hpﺩﺭ 3)HO(eFﺭﺳﻮﺑﺎﺕ 
 ﺑﻮﺩ.  ﻫﺎ ﻣﺮﺣﻠﻪ ﺍﺯ ﺁﺯﻣﺎﻳﺶ
 ﺍﺛﺮ ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﺍﻟﻜﺘﺮﻳﻜﻲ
ﺩﺭ ﻫﻤﻪ ﻓﺮﺍﻳﻨﺪﻫﺎﻱ ﺭﺑﻮﻁ ﺑـﻪ ﺍﻛﺴﻴﺪﺍﺳـﻴﻮﻥ ﻭ ﺍﻧﻌﻘـﺎﺩ 
ﺍﻟﻜﺘﺮﻳﻜﻲ، ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﻣﻬﻤﺘـﺮﻳﻦ ﭘـﺎﺭﺍﻣﺘﺮ ﻛﻠﻴـﺪﻱ ﺩﺭ 
ﺑـﺎ  XMAﺗﺠﺰﻳـﻪ . (02) ﺍﺳـﺖ  ﻫـﺎ ﻛﻨﺘﺮﻝ ﻧﺮﺥ ﻭﺍﻛـﻨﺶ 
ﻱ ﺑـﺎﻻﺗﺮ ﺑﻴﺸـﺘﺮ ﺷـﺪ ﻛـﻪ ﺍﻳـﻦ ﻗﻀـﻴﻪ ﻫـﺎ  ﺍﻋﻤﺎﻝ ﺟﺮﻳﺎﻥ
ﻱ ﻫﻴﺪﺭﻭﻛﺴـﻴﻞ ﺩﺭ ﻫﺎ ﻣﺮﺑﻮﻁ ﺑﻪ ﺗﻮﻟﻴﺪ ﺑﻴﺸﺘﺮ ﺭﺍﺩﻳﻜﺎﻝ
. (11) ( 5ﻭ 1ﻱ ﻫـﺎ ﻭﺍﻛـﻨﺶ ) ﺑﺎﺷﺪ ﻣﻲﻱ ﺑﺎﻻﺗﺮ ﻫﺎ ﺟﺮﻳﺎﻥ
ﻣﻴﻠــﻲ ﺁﻣﭙــﺮ ﺑــﺮ  05ﺗــﺎ  61/6ﺩﺭ ﺷــﺪﺕ ﺟﺮﻳــﺎﻥ 
ﻣﻴﻠـﻲ ﮔـﺮﻡ ﺑـﺮ  03 XMAﺳﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ، ﺩﺭ ﻏﻠﻈﺖ 
، ﺟﺮﻳـﺎﻥ 3 Hp ﮔـﺮﻡ ﺑـﺮ ﻟﻴﺘـﺮ ﻭ  2/5ﻟﻴﺘﺮ، ﺍﻟﻜﺘﺮﻭﻟﻴـﺖ 
ﻣﻴﻠــﻲ ﺁﻣﭙــﺮ ﺑــﺮ ﺳــﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ ﺩﺍﺭﺍﻱ  05ﻭ  14/6
ﺑﺎﻻﺗﺮﻳﻦ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺑﻮﺩﻧـﺪ ﻛـﻪ ﺑـﺎ ﺍﻋﻤـﺎﻝ ﻣﻴـﺰﺍﻥ 
ﺗـﺮ ﻣﻴـﺰﺍﻥ ﺣـﺬﻑ ﻛـﺎﻫﺶ ﻳﺎﻓـﺖ. ﺭﻭﻧـﺪ  ﺟﺮﻳﺎﻥ ﭘﺎﻳﻴﻦ
ﺍﻓـﺰﺍﻳﺶ ﺭﺍﻧ ـﺪﻣﺎﻥ ﺑ ـﺎ ﺍﻓ ـﺰﺍﻳﺶ ﺟﺮﻳ ـﺎﻥ ﺍﻟﻜﺘﺮﻳﻜـﻲ ﺩﺭ 
 . (02,11) ﺷﻮﺩ ﻣﻲﻣﻄﺎﻟﻌﺎﺕ ﺩﻳﮕﺮ ﻧﻴﺰ ﻣﺸﺎﻫﺪﻩ 
ﻛﺎﺗﺮﺟﻲ ﻭ ﻫﻤﻜﺎﺭﺍﻥ ﺑﻤﻨﻈﻮﺭ ﺣﺬﻑ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﺍﺯ 
ﻃﺮﻳ ـﻖ ﻓﺮﺍﻳﻨ ـﺪ ﺍﻟﻜﺘﺮﻭﻛﻮﺍﮔﻮﻻﺳـﻴﻮﻥ ﺑ ـﺎ ﺍﻟﻜﺘﺮﻭﺩﻫـﺎﻱ 
ﺁﻣﭙﺮ، ﺑﺎﻻﺗﺮﻳﻦ  0/8ﺗﺎ  0/1ﺁﻟﻮﻣﻴﻨﻴﻮﻡ ﺩﺭ ﺷﺪﺕ ﺟﺮﻳﺎﻥ 
 ﻣﻴﺰﺍﻥ ﺣﺬﻑ ﺭﺍ ﺩﺭ ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﺑﺎﻻ ﮔﺰﺍﺭﺵ ﻧﻤﻮﺩﻧـﺪ 
. ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﻧﺘﺎﻳﺞ ﺑﺪﺳﺖ ﺁﻣﺪﻩ ﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ (02)
ﻭ ﺍﻏﻠﺐ ﻣﻄﺎﻟﻌﺎﺕ ﺩﻳﮕﺮ، ﻣﺸﺎﻫﺪﻩ ﮔﺮﺩﻳﺪ ﻛﻪ ﺑﺎ ﺍﻓﺰﺍﻳﺶ 
ﺷﺪﺕ ﺟﺮﻳﺎﻥ، ﺯﻣﺎﻥ ﻣﻮﺭﺩ ﻧﻴﺎﺯ ﺟﻬﺖ ﺗﺼﻔﻴﻪ ﻧﻴﺰ ﻛﺎﻫﺶ 
. ﺩﺭ ﻣﻄﺎﻟﻌ ــﻪ ﺣﺎﺿ ــﺮ ﺑ ــﺎﻻﺗﺮﻳﻦ (12,02,11) ﻳﺎﺑ ــﺪ ﻣ ــﻲ
ﺩﺭ ﺣﺪﻭﺩ  61/62mc/Am ﺭﺍﻧﺪﻣﺎﻥ ﺩﺭ ﺩﺍﻧﺴﻴﺘﻪ ﺟﺮﻳﺎﻥ
 ﺩﻗﻴﻘﻪ ﺑﺪﺳﺖ ﺁﻣـﺪﻩ ﺍﺳـﺖ  05% ﺩﺭ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ 47
 5931ﺗﺎﺑﺴﺘﺎﻥ ، ﺳﻮﻡ، ﺷﻤﺎﺭﻩ ﻫﻔﺘﻢﺳﺎﻝ ﺠﻠﻪ ﺳﻼﻣﺖ ﻭ ﺑﻬﺪﺍﺷﺖ                                                                              ﻣ 482
ﻛﻪ ﺩﺭ ﻣﻘﺎﺑﻞ ﻫﻤﻴﻦ ﻣﻘﺪﺍﺭ ﺭﺍﻧﺪﻣﺎﻥ ﺩﺭ ﻫﻤﺎﻥ ﺷـﺮﺍﻳﻂ 
ﺗﺮﻳﻦ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺩﺭ ﺩﺍﻧﺴـﻴﺘﻪ ﺟﺮﻳـﺎﻥ  ﺑﻌﻨﻮﺍﻥ ﭘﺎﻳﻴﻦ
ﺩﻗﻴﻘـﻪ ﺣﺎﺻـﻞ  01ﺑﺮﺍﻱ ﺯﻣـﺎﻥ ﻭﺍﻛـﻨﺶ  05 2mc/Am
ﺷﺪﻩ ﺍﺳﺖ. ﺑﻨﺎﺑﺮﺍﻳﻦ ﺍﻳﻦ ﻧﺘﻴﺠـﻪ ﻧﺸـﺎﻧﮕﺮ ﺍﻳـﻦ ﻣﻮﺿـﻮﻉ 
ﺑﺎﺷـﺪ ﻛـﻪ ﺗﺠﻬﻴـﺰﺍﺕ ﻭ ﺣﺠـﻢ ﺭﺍﻛﺘـﻮﺭ ﺩﺭ ﺩﺍﻧﺴـﻴﺘﻪ  ﻣﻲ
ﺭ ﻛﻤﺘـﺮ ﺑﺎﺷـﺪ. ﺑﺎ 5ﺗﻮﺍﻧﺪ  ﻣﻲﺁﻣﭙﺮ  14/6ﻳﺎ  05ﺟﺮﻳﺎﻥ 
ﺣﺠﻢ ﺩﺭ ﺷﺮﺍﻳﻂ ﺛﺎﺑﺖ ﺁﺯﻣـﺎﻳﺶ ﺟﻬـﺖ ﺗﻌﻴـﻴﻦ ﺷـﺪﺕ 
ﺩﺭ ﭘﺴـﺎﺏ ﺩﺭ ﺷـﺪﺕ  XMAﺟﺮﻳ ـﺎﻥ ﺑﻬﻴﻨ ـﻪ، ﻏﻠﻈـﺖ 
ﺁﻣﭙﺮ ﺑﺮ ﺳﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ ﻋﺪﺩ ﭘـﺎﻳﻴﻨﺘﺮﻱ  ﻣﻴﻠﻲ 05ﺟﺮﻳﺎﻥ 
ﺗﺮ ﺍﺯ ﺁﻥ ﻧﺸـﺎﻥ ﺩﺍﺩ. ﺍﻳـﻦ  ﻧﺴﺒﺖ ﺑﻪ ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﭘﺎﻳﻴﻦ
ﻧﺘﻴﺠﻪ ﻧﺸﺎﻥ ﺩﺍﺩ ﻛـﻪ ﺍﺣﺘﻤـﺎﻻً ﺩﺭ ﺷـﺪﺕ ﺟﺮﻳـﺎﻥ ﭘـﺎﻳﻴﻦ 
ﺘـﺮ ﺁﺏ ﺑﺘﺮﺗﻴـﺐ ﺩﺭ ﺑـﺪﻟﻴﻞ ﻫﻴـﺪﺭﻭﻟﻴﺰ ﻭ ﺍﻛﺴـﺎﻳﺶ ﻛﻤ 
ﻛﺎﺗﺪ ﻭ ﺁﻧﺪ، ﻣﺘﻌﺎﻗﺒﺎً ﻋﺪﻡ ﭘﻴﺸﺮﻓﺖ ﺑﻬﺘﺮ ﻭﺍﻛﻨﺶ ﺗﻮﻟﻴـﺪ 
ﻱ ﺁﻫـﻦ ﻫﺎ ﭘﺮﺍﻛﺴﻴﺪﻫﻴﺪﺭﻭژﻥ ﻭ ﺁﺯﺍﺩﺳﺎﺯﻱ ﻛﻤﺘﺮ ﻳﻮﻥ
ﻭ ﺭﺍﺩﻳﻜﺎﻝ ﻫﻴﺪﺭﻭﻛﺴﻴﻞ ﺩﺭ ﺁﻧﺪ، ﺑﻨﺎﺑﺮﺍﻳﻦ ﻣﻴﺰﺍﻥ ﺣﺬﻑ 
ﻧﻴﺰ ﭘﺎﻳﻴﻦ ﺑﻮﺩ. ﺗﻐﻴﻴﺮﺍﺕ ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﺑـﺮ ﺭﻭﻱ  XMA
ﻱ ﻫـﺎ  ﻱ ﻫﻴﺪﺭﻭژﻥ ﻭ ﺍﻧﺪﺍﺯﻩ ﻭ ﺭﺷﺪ ﻟﺨﺘﻪﻫﺎ ﺗﻮﻟﻴﺪ ﺣﺒﺎﺏ
ﺗﺄﺛﻴﺮﮔﺬﺍﺭ ﺑﻮﺩ. ﺑﺎ ﺍﻓـﺰﺍﻳﺶ ﺷـﺪﺕ ﺟﺮﻳـﺎﻥ  ﺗﻮﻟﻴﺪﻱ ﻧﻴﺰ
ﺩﻫﻨـﺪﻩ ﻳﺎﻓـﺖ ﻛـﻪ ﺍﺣﺘﻤـﺎﻻً ﻧﺸـﺎﻥ ﻣـﻲ ﺍﻓﺰﺍﻳﺶ  ﻫﺎ ﺣﺒﺎﺏ
ﺗﺮ ﻭ ﺑﻴﺸﺘﺮ ﺁﺏ ﺩﺭ ﻛﺎﺗﺪ ﺑـﻮﺩﻩ ﺍﺳـﺖ،  ﻫﻴﺪﺭﻭﻟﻴﺰ ﺳﺮﻳﻊ
ﺗﻮﺍﻧﺪ ﻧﺸﺎﻧﻪ ﺗﻮﻟﻴـﺪ ﺑﻴﺸـﺘﺮ  ﻣﻲﻛﻪ ﺍﻳﻦ ﺍﻣﺮ ﺑﻪ ﻧﻮﺑﻪ ﺧﻮﺩ 
ﻫﻴﺪﺭﻭﻛﺴﻴﻞ ﻧﻴﺰ ﺑﺎﺷﺪ. ﻫﻤﭽﻨﻴﻦ ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺍﻳـﻦ ﻧﻜﺘـﻪ 
ﺍﻳﻨـﺪ ﺷﻨﺎﻭﺭﺳـﺎﺯﻱ ﻓﺮ 3ﻣﻄﺎﺑﻖ ﺑﺎ ﻭﺍﻛﻨﺶ  2Hﻛﻪ ﺗﻮﻟﻴﺪ 
ﺑﺨﺸـﺪ ﻛـﻪ ﺍﻳـﻦ ﺍﻓﺮﺍﻳﻨـﺪ ﺑﺎﻋـﺚ ﻣـﻲ ﺭﺍ ﺑﻬﺒـﻮﺩ  ﻫﺎ ﻟﺨﺘﻪ
ﺍﺯ ﻣﺤﻠـﻮﻝ  ﻫـﺎ ﺗﻘﻮﻳـﺖ ﺷﻨﺎﻭﺭﺳـﺎﺯﻱ ﺟﺪﺍﺳـﺎﺯﻱ ﻟﺨﺘـﻪ
ﺷﻮﺩ. ﻫﻤـﺎﻧﻄﻮﺭ ﻛـﻪ ﺩﺭ ﺑـﺎﻻ ﺑﻴـﺎﻥ  ﻣﻲ ﻫﺎ ﺑﻮﺳﻴﻠﻪ ﺣﺒﺎﺏ
ﻱ ﺑﺎﻻ ﻓﺮﺽ ﺑﺮ ﺍﻳﻦ ﺍﺳـﺖ ﻛـﻪ ﻫﺎ ﺷﺪ، ﺩﺭ ﺷﺪﺕ ﺟﺮﻳﺎﻥ
ﻱ ﻫﻴﺪﺭﻭﻛﺴﻴﻞ ﻣﻘﺪﺍﺭ ﻫﺎ ﻭ ﺭﺍﺩﻳﻜﺎﻝ ﻫﺎ ﺑﺪﻟﻴﻞ ﺗﻮﻟﻴﺪ ﻳﻮﻥ
ﺭﺍﺩﻳﻜﺎﻝ ﻫﻴﺪﺭﻭﻛﺴﻴﻞ ﻭ ﻫﻤﭽﻨﻴﻦ ﺗﻮﺳﻂ  XMAﺗﺠﺰﻳﻪ 
ﺗﻮﻟﻴﺪ ﺁﻫﻦ ﺍﻛﺴﻴﺪ ﺷﺪﻩ ﺩﺭ ﺣﻀﻮﺭ ﻳﻮﻥ ﻫﻴﺪﺭﻭﻛﺴـﻴﻞ 
ﺍﻓﺰﺍﻳﺶ ﻳﺎﻓﺘﻪ ﻛﻪ ﺑﺎﻋﺚ ﺗﻮﻟﻴﺪ ﻣﻘﺎﺩﻳﺮ ﺑﻴﺸﺘﺮ ﺭﺳﻮﺑﺎﺕ ﻭ 
ﻭ  XMAﻱ ﻫﻴﺪﺭﻭﻛﺴ ــﻴﺪﻱ ﺟﻬ ــﺖ ﺟ ــﺬﺏ ﻫ ــﺎ ﻟﺨﺘ ــﻪ
ﺑـﺎ ﺗﻮﺟـﻪ ﺑـﻪ  .ﺷـﻮﺩ ﻣـﻲ ﺗﺮﻛﻴﺒﺎﺕ ﺣﺎﺻﻞ ﺍﺯ ﺗﺠﺰﻳﻪ ﺁﻥ 
ﻱ ﺟﺮﻳـﺎﻥ ﻫﺎ ﻣﻘﺎﺩﻳﺮ ﺣﺬﻑ ﺑﺪﺳﺖ ﺁﻣﺪﻩ ﺑﺮﺍﻱ ﺩﺍﻧﺴﻴﺘﻪ
ﻭ  14/6ﺩﺭ  XMAﺪﻣﺎﻥ ﺣـﺬﻑ ، ﺭﺍﻧـ3ﻣﻄـﺎﺑﻖ ﺷـﻜﻞ 
ﺗﻘﺮﻳﺒ ــﺎً ﻧﺰﺩﻳ ــﻚ ﺑ ــﻪ ﻫﻤ ــﺪﻳﮕﺮ ﻫﺴ ــﺘﻨﺪ  05 2mc/Am
 ﺗﺮﻳﻦ ﺩﺍﻧﺴـﻴﺘﻪ ﺟﺮﻳـﺎﻥ ﺩﺭ ﺍﻳـﻦ ﻣﻄﺎﻟﻌـﻪ،  ﺑﻨﺎﺑﺮﺍﻳﻦ ﺑﻬﻴﻨﻪ
ﺩﻫـﺪ ﻣـﻲ ﻧﺸـﺎﻥ  1ﺑﺎﺷﺪ. ﺟـﺪﻭﻝ  ﻣﻲ 14/6 2mc/Am
ﻣﻘﺎﺩﻳﺮ ﺁﻫﻦ ﺧﺮﻭﺟﻲ ﺩﺭ ﭘﺴـﺎﺏ ﺣﺎﺻـﻞ ﺍﺯ ﻓﺮﺍﻳﻨـﺪ ﺑـﺎ 
ﺍﻓﺰﺍﻳﺶ ﺩﺍﻧﺴﻴﺘﻪ ﺟﺮﻳﺎﻥ ﺑﻴﺸﺘﺮ ﺷﺪﻩ ﺍﺳﺖ ﻛﻪ ﺩﻟﻴﻞ ﺍﻳﻦ 
ﺗﻮﻟﻴـﺪ ﺑﻴﺸـﺘﺮ ﺁﻫـﻦ ﺩﻭﻇﺮﻓﻴﺘـﻲ ﺍﺯ ﺍﻓـﺰﺍﻳﺶ ﺍﺣﺘﻤـﺎﻝ 
ﺍﻟﻜﺘﺮﻭﺩ ﺁﻧﺪ ﺩﺭ ﺍﺛﺮ ﺍﻋﻤﺎﻝ ﺷﺪﺕ ﺟﺮﻳﺎﻥ ﺑﺎﻻﺗﺮ ﻣﻄـﺎﺑﻖ 
 ﺑﺎﺷﺪ. ﻣﻲ 1ﻭﺍﻛﻨﺶ 
 2O2Hﺍﺛﺮ 
ﻣﺸـﺨﺺ ﺍﺳـﺖ ﺑـﺎ ﺍﻓـﺰﺍﻳﺶ  3ﻫﻤﺎﻧﻄﻮﺭ ﻛـﻪ ﺍﺯ ﺷـﻜﻞ 
ﭘﺮﺍﻛﺴﻴﺪﻫﻴﺪﺭﻭژﻥ ﺗﺰﺭﻳﻘﻲ ﺑﻪ ﻓﺮﺍﻳﻨﺪ ﺭﺍﻧﺪﻣﺎﻥ ﺣـﺬﻑ 
ﺗـﺎ  0/42ﻣﻮﻝ ﺍﻓﺰﺍﻳﺶ ﻳﺎﻓـﺖ ﻭﻟـﻲ ﺍﺯ  0/42ﺗﺎ  0/80ﺍﺯ 
ﻣﻮﺍﺟـﻪ  0/42ﻭ  0/61ﺑـﻪ ﺑﺎ ﺍﻓﺖ ﺧﻔﻴﻔﻲ ﻧﺴـﺒﺖ  0/33
ﺷﺪ. ﺑﺎ ﺗﻮﺟﻪ ﺑـﻪ ﺍﻳﻨﻜـﻪ ﺑـﺎﻻﺗﺮﻳﻦ ﺭﺍﻧـﺪﻣﺎﻥ ﺩﺭ ﻏﻠﻈـﺖ 
ﻣﻮﻝ ﺣﺎﺻﻞ ﮔﺮﺩﻳـﺪ ﻭ ﻣﻘـﺎﺩﻳﺮ  0/42ﻭ  0/61ﺗﺰﺭﻳﻘﻲ 
ﻣﻮﻝ ﺑﻌﻨﻮﺍﻥ  0/61ﻧﺰﺩﻳﻚ ﺑﻪ ﻫﻤﺪﻳﮕﺮ ﺑﻮﺩﻧﺪ، ﺑﻨﺎﺑﺮﺍﻳﻦ 
ﻣﻘﺪﺍﺭ ﺗﺰﺭﻳﻘﻲ ﻛـﺎﻓﻲ ﻭ ﺑﻬﻴﻨـﻪ ﺍﻧﺘﺨـﺎﺏ ﮔﺮﺩﻳـﺪ. ﻃﺒـﻖ 
ﻭ ﻫﻤﻜﺎﺭﺍﻥ ﻫﻤﻴﺸـﻪ ﺭﺍﺑﻄـﻪ ﺧﻄـﻲ ﺑـﻴﻦ  ﺍﻟﻤﻮﻻﻣﻄﺎﻟﻌﻪ 
ﺳــﺎﺯﻱ ﻭ ﻣﻴــﺰﺍﻥ ﻣﻌــﺪﻧﻲ  2O2Hﻲ ﻏﻠﻈــﺖ ﺗﺰﺭﻳﻘـ  ـ
ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﻳﺎ ﺗﺮﻛﻴﺒﺎﺕ ﺁﻟﻲ ﺩﻳﮕﺮ ﻭﺟﻮﺩ ﻧﺪﺍﺭﺩ. ﺑـﺎ 
ﻣﻘﺪﺍﺭﻱ ﺍﺯ ﺁﻥ ﺑﻪ ﻃﻮﺭ ﺳـﺮﻳﻌﻲ ﺗﺠﺰﻳـﻪ  2O2Hﺗﺰﺭﻳﻖ 
ﺗﺒـﺪﻳﻞ ﺑـﻪ ﺁﺏ ﻭ ﺍﻛﺴـﻴﮋﻥ  7ﺷﺪﻩ ﻭ ﻣﻄـﺎﺑﻖ ﻭﺍﻛـﻨﺶ 
  ﻦﻧﻴﺰ ﺑﺎ ﺁﻫ 2O2Hﺑﺨﺸﻲ ﺍﺯ  5ﺷﻮﺩ. ﻣﻄﺎﺑﻖ ﻭﺍﻛﻨﺶ  ﻣﻲ
ﻓﺮﻭﺱ ﻭﺍﺭﺩ ﻭﺍﻛـﻨﺶ ﺷـﺪﻩ ﻭ ﺭﺍﺩﻳﻜـﺎﻝ ﻫﻴﺪﺭﻭﻛﺴـﻴﻞ 
ﺪ. ﻣﻘـﺪﺍﺭﻱ ﺍﺯ ﺭﺍﺩﻳﻜـﺎﻝ ﺗﺸـﻜﻴﻞ ﺷـﺪﻩ ﺩﻫ ـﻣـﻲ ﺗﺸﻜﻴﻞ 
ﺑﻪ ﻫﻴﺪﺭﻭﭘﺮﺍﻛﺴﻲ  8ﻣﻄﺎﺑﻖ ﻭﺍﻛﻨﺶ  2O2Hﺗﻮﺳﻂ ﺧﻮﺩ 
ﺩﻟﻴـﻞ  ﺑﻨﺎﺑﺮﺍﻳﻦ ﺑﺎ ﺗﻮﺟـﻪ ﺑـﻪ  .(1) ﺷﻮﺩ ﻣﻲﻭ ﺁﺏ ﺗﺒﺪﻳﻞ 
ﺑـﺎ ﺍﻓـﺰﺍﻳﺶ  XMAﺷﺪﻩ ﻣﻴﺰﺍﻥ ﺗﺠﺰﻳـﻪ ﻭ ﺣـﺬﻑ ﺫﻛﺮ
ﻣﻮﻝ، ﺑـﺎ ﺍﻓـﺰﺍﻳﺶ ﻣﻮﺍﺟـﻪ  0/61ﺑﻴﺶ ﺍﺯ  2O2Hﺗﺰﺭﻳﻖ 
 ﻧﺒﻮﺩﻩ ﻭ ﺗﻘﺮﻳﺒﺎً ﺛﺎﺑﺖ ﺑﻮﺩﻩ ﺍﺳﺖ. 
 2O + O2H2 →2O2H2          (7)    
 *2OH + O2H →2O2H + *HO        (8)    
ﻱ ﻫـﺎ ﺁﺯﻣـﺎﻳﺶ  ﻣﻲﺁﻫﻦ ﺧﺮﻭﺟﻲ ﺩﺭ ﭘﺴـﺎﺏ ﺑـﺮﺍﻱ ﺗﻤـﺎ 
ﺗﻘﺮﻳﺒـﺎً  2O2Hﺗﺰﺭﻳﻘـﻲ ﻣﺮﺑـﻮﻁ ﺑـﻪ ﻣﻘـﺎﺩﻳﺮ ﻣﺨﺘﻠـﻒ 
 ﺩﻫﺪ. ﻣﻲﻣﻘﺎﺩﻳﺮ ﻣﺸﺎﺑﻬﻲ ﺭﺍ ﻧﺸﺎﻥ 
 582ﻣﺤﺴﻦ ﺭﺿﺎﻳﻲ ﻭ ﻫﻤﻜﺎﺭﺍﻥ                  ...                                         ﻛﺎﺭﺑﺮﺩ ﻓﺮﺁﻳﻨﺪ ﺍﻟﻜﺘﺮﻭﻓﻨﺘﻮﻥ
 
 ﺍﺛﺮ ﻏﻠﻈﺖ ﻭﺭﻭﺩﻱ
 03ﻱ ﻭﺭﻭﺩﻱ ﻫﺎ ﺩﺭ ﻏﻠﻈﺖ XMAﺍﺛﺮ ﻏﻠﻈﺖ ﻭﺭﻭﺩﻱ 
ﻣﻴﻠـﻲ ﮔـﺮﻡ ﺑـﺮ ﻟﻴﺘـﺮ ﺩﺭ ﻏﻠﻈـﺖ ﺍﻟﻜﺘﺮﻭﻟﻴـﺖ  021ﺗـﺎ 
 14/6ﮔﺮﻡ ﺑـﺮ ﻟﻴﺘـﺮ، ﺟﺮﻳـﺎﻥ ﺛﺎﺑـﺖ  2/5ﻭﺭﻭﺩﻱ ﺛﺎﺑﺖ 
ﻣﻄﺎﻟﻌـﻪ  3ﺛﺎﺑـﺖ  Hpﻣﻴﻠﻲ ﺁﻣﭙﺮ ﺑـﺮ ﺳـﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ ﻭ 
ﺩﻫـﺪ ﻛـﻪ ﺩﺭ  ﻣـﻲﻧﺸـﺎﻥ ﺑﻄـﻮﺭ ﻭﺍﺿـﺢ  3ﺷـﺪ. ﺷـﻜﻞ 
ﺩﺭ  XMAﻱ ﻭﺭﻭﺩﻱ ﭘﺎﻳﻴﻨﺘﺮ، ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﻫﺎ ﻏﻠﻈﺖ
ﻣﻘﺪﺍﺭ ﻣﺎﻛﺰﻳﻤﻢ ﺧﻮﺩ ﻗﺮﺍﺭ ﺩﺍﺭﺩ. ﻫﻤﭽﻨﻴﻦ ﺷﻜﻞ ﻧﺸـﺎﻥ 
ﺩﻫـﺪ ﻛـﻪ ﺯﻣـﺎﻥ ﺯﻳـﺎﺩﻱ ﺑـﺮﺍﻱ ﺗﺠﺰﻳـﻪ ﻭ ﺣـﺬﻑ  ﻣـﻲ
ﻱ ﺑﺎﻻﺗﺮ ﻣﻮﺭﺩ ﻧﻴﺎﺯ ﺍﺳﺖ. ﻫﺎ ﺁﻣﻮﻛﺴﻲ ﺳﻴﻠﻴﻦ ﺩﺭ ﻏﻠﻈﺖ
ﻧﺘﺎﻳﺞ ﺣﺎﺻﻞ ﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ ﺑﺎ ﻣﻄﺎﻟﻌﺎﺗﻲ ﻛـﻪ ﺗﻮﺳـﻂ 
. (12,02,11) ﺮﻓﺘﻪ ﻣﻄﺎﺑﻘﺖ ﺩﺍﺭﺩﻣﺤﻘﻘﻴﻦ ﺩﻳﮕﺮ ﺍﻧﺠﺎﻡ ﮔ
ﮔﺮﭼﻪ ﻣﻘﺎﺩﻳﺮ ﺭﺍﻧـﺪﻣﺎﻥ ﺣـﺬﻑ ﻻﺯﻡ ﺑﻪ ﺫﻛﺮ ﺍﺳﺖ ﻛﻪ ﺍ
ﺩﺭ ﻣﻄﺎﻟﻌﺎﺕ ﻣﺨﺘﻠﻒ ﺑﻪ ﺩﻟﻴﻞ ﺷﺮﺍﻳﻂ ﻣﺘﻔﺎﻭﺕ ﺁﺯﻣﺎﻳﺶ 
ﺮﻏﻢ ﺍﻳـﻦ ﺗﻔـﺎﻭﺕ ﺩﺭ ﻴـﻭﻟ ـﻲ ﻋﻠ ،ﺑ ـﺎ ﻫـﻢ ﺗﻔـﺎﻭﺕ ﺩﺍﺭﺩ
ﺭﺍﻧـﺪﻣﺎﻥ، ﺭﺍﻧـﺪﻣﺎﻥ ﻧﻬـﺎﻳﻲ ﺣـﺬﻑ ﺩﺭ ﻣﻄﺎﻟﻌـﻪ ﺣﺎﺿـﺮ 
ﺑﺎﺷﺪ. ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ ﻭ  ﻣﻲﺗﻘﺮﻳﺒﺎً ﻣﺸﺎﺑﻪ ﻣﻄﺎﻟﻌﺎﺕ ﺩﻳﮕﺮ 
ﺳـﺎﺯﻱ ﻫﻤﭽﻨﻴﻦ ﻣﻄﺎﻟﻌﻪ ﭘـﺎﻧﻴﺰﺍ ﻛـﻪ ﺩﺭ ﺣﻴﻄـﻪ ﻣﻌـﺪﻧﻲ 
ﻖ ﻓﺮﺍﻳﻨﺪ ﺍﻟﻜﺘﺮﻭﻓﻨﺘـﻮﻥ ﺑـﺎ ﺍﻟﻜﺘﺮﻭﺩﻫـﺎﻱ ﺍﺯ ﻃﺮﻳ XMA
ﻛﺮﺑﻦ ﺑﺎ ﺭﻭﻛﺶ ﺍﻟﻤﺎﺱ ﺍﻧﺠـﺎﻡ ﮔﺮﻓﺘـﻪ، ﻧﺸـﺎﻥ ﺩﺍﺩ ﻛـﻪ 
ﻱ ﺑـﺎﻻ ﻭ ﺯﻣـﺎﻥ ﻫﺎ ﻱ ﺑﺎﻻﺗﺮ ﺷﺪﺕ ﺟﺮﻳﺎﻥﻫﺎ ﺑﺮﺍﻱ ﻏﻠﻈﺖ
ﻛﻪ ) . ﻣﻴﺰﺍﻥ ﺁﻫﻦ ﻛﻞ(11) ﺗﺮ ﻧﻴﺎﺯ ﺍﺳﺖ ﻭﺍﻛﻨﺶ ﻃﻮﻻﻧﻲ
ﺑﺎﺷـﺪ( ﻣﻮﺟـﻮﺩ ﺩﺭ ﭘﺴـﺎﺏ ﺑـﺎ ﻣـﻲ  2+eFﺑﻴﺸﺘﺮ ﻣﻌﺮﻑ 
ﻱ ﻫـﺎ  ﻭﺭﻭﺩﻱ ﻧﺴﺒﺖ ﺑﻪ ﻏﻠﻈﺖ XMAﺍﻓﺰﺍﻳﺶ ﻏﻠﻈﺖ 
 ﻤـﻲ ﻭ ﺷﺮﺍﻳﻂ ﺛﺎﺑﺖ ﺁﺯﻣﺎﻳﺶ، ﺭﻭﻧﺪ ﻣﻨﻈﻭﺭﻭﺩﻱ ﭘﺎﻳﻴﻦ 
ﺩﺭ ﻋـﻴﻦ ﺣـﺎﻝ ﻣﻘـﺎﺩﻳﺮ ﺁﻥ ﺩﺭ ﻏﻠﻈـﺖ  ،ﺭﺍ ﻧﺸﺎﻥ ﻧـﺪﺍﺩ  
ﺪ ﺩﻟﻴﻞ ﺭﺳ ﻣﻲ، ﺑﻴﺸﺘﺮ ﺑﻮﺩ. ﺑﻨﻈﺮ XMAﻭﺭﻭﺩﻱ ﭘﺎﻳﻴﻦ 
ﻤﺎﻟﻲ ﺁﻥ ﺗﻮﻟﻴﺪ ﺍﺳﻴﺪﻫﺎﻱ ﭼﺮﺏ ﻛﻮﺗﺎﻩ ﺯﻧﺠﻴﺮ ﻣﺎﻧﻨـﺪ ﺘﺍﺣ
ﻣﻄـﺎﺑﻖ ﺑـﺎ ﻣﻄﺎﻟﻌـﻪ ﭘـﺎﻧﻴﺰﺍ ﻭ ) ﺍﺳﻴﺪﻫﺎﻱ ﻛﺮﺑﻮﻛﺴـﻴﻠﻴﻚ 
ﺘﻮﻥ ﺑﻮﺳﻴﻠﻪ ﻓﺮﺍﻳﻨﺪ ﻓﻨ XMAﻫﻤﻜﺎﺭﺍﻥ( ﻧﺎﺷﻲ ﺍﺯ ﺗﺠﺰﻳﻪ 
ﻭ  Hpﻛﺎﺭ ﺍﻓﺰﺍﻳﺶ ﻛﻤﺘـﺮ ﺩﺭ  ﺑﻮﺩﻩ ﺑﺎﺷﺪ ﻛﻪ ﻧﺘﻴﺠﻪ ﺍﻳﻦ
ﺩﺭ ﻧﺘﻴﺠﻪ ﺍﻛﺴﺎﻳﺶ ﻛﻤﺘﺮ ﺁﻫﻦ ﺩﻭ ﻇﺮﻓﻴﺘـﻲ ﺑـﻪ ﺣﺎﻟـﺖ 
ﺑﻨﺎﺑﺮﺍﻳﻦ ﺁﻫـﻦ ﺑﻴﺸـﺘﺮﻱ ﺩﺭ  ،ﺑﺎﺷﺪ ﻣﻲﻇﺮﻓﻴﺘﻲ ﺁﻥ  ﺳﻪ
 ( ﻇﺎﻫﺮ ﺧﻮﺍﻫﺪ ﺷﺪ+2eF) ﭘﺴﺎﺏ ﺑﺼﻮﺭﺕ ﺁﻫﻦ ﻣﺤﻠﻮﻝ
 .(11)
 
 ﻧﺘﻴﺠﻪ ﮔﻴﺮﻱ
ﺷﺮﺍﻳﻂ ﺑﻬﻴﻨﻪ ﺁﺯﻣﺎﻳﺶ ﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ ﺷﺎﻣﻞ ﺯﻣـﺎﻥ 
ﻣﻴﻠﻲ ﺁﻣﭙـﺮ  14/6ﺟﺮﻳﺎﻥ  ﺩﻗﻴﻘﻪ، ﺩﺍﻧﺴﻴﺘﻪ 021ﻭﺍﻛﻨﺶ 
ﻭ  3 Hpﻣـﻮﻝ،  0/61ﺗﺰﺭﻳﻘﻲ  2O2Hﺑﺮ ﺳﺎﻧﺘﻴﻤﺘﺮﻣﺮﺑﻊ، 
ﻣﻴﻠﻴﮕـﺮﻡ ﺑـﺮ ﻟﻴﺘـﺮ ﺑـﻮﺩ ﻭ  03ﻭﺭﻭﺩﻱ  XMAﻏﻠﻈـﺖ 
% ﺑﺪﺳـﺖ 49ﺭﺍﻧﺪﻣﺎﻥ ﺑﻬﻴﻨﻪ ﺩﺭ ﺍﻳﻦ ﺷﺮﺍﻳﻂ ﺩﺭ ﺣـﺪﻭﺩ 
ﺗـﻮﺍﻥ ﻧﺘﻴﺠـﻪ ﮔﺮﻓـﺖ ﻓﺮﺍﻳﻨـﺪ ﻣـﻲ ﺁﻣﺪ. ﺩﺭ ﺣﺎﻟﺖ ﻛﻠﻲ 
، ﺩﺭ ﺷﺮﺍﻳﻂ ﺫﻛﺮ ﺷﺪﻩ XMAﺟﺬﺏ ﻭ ﺗﺠﺰﻳﻪ ﺍﻟﻜﺘﺮﻳﻜﺎﻝ 
ﻟﻲ ﻗﺎﺑﻞ ﺍﻧﺠﺎﻡ ﺍﺳﺖ ﻭ ﺩﺭ ﻋﻴﻦ ﺣـﺎﻝ ﺑﻪ ﻣﻴﺰﺍﻥ ﻗﺎﺑﻞ ﻗﺒﻮ
ﺑـﺎ ﺩﺭ ﻧﻈـﺮ ﮔـﺮﻓﺘﻦ ﺗﻤﻬﻴـﺪﺍﺕ ﻻﺯﻡ ﻭ ﻣﻨﺎﺳـﺐ ﺑـﺮﺍﻱ 
ﻛـﺎﻫﺶ ﻫﺰﻳﻨ ـﻪ ﺑ ـﺎﻻﻱ ﻣﺼـﺮﻑ ﺑ ـﺮﻕ ﺩﺭ ﺍﻳ ـﻦ ﮔﻮﻧ ـﻪ 
ﺗﻮﺍﻧﺪ ﺑﻌﻨﻮﺍﻥ ﺭﻭﺵ ﻣﻨﺎﺳﺐ ﺩﺭ ﭘﺎﻛﺴﺎﺯﻱ  ﻣﻲﻓﺮﺍﻳﻨﺪﻫﺎ، 
ﺩﺭ ﻣﻘﻴـﺎﺱ ﻛﺎﻣـﻞ ﻭ ﺻـﻨﻌﺘﻲ  XMAﻱ ﺣﺎﻭﻱ ﻫﺎ ﭘﺴﺎﺏ
 ﻛﺎﺭﺑﺮﺩ ﺩﺍﺷﺘﻪ ﺑﺎﺷﺪ.
 
 ﺗﺸﻜﺮ ﻭ ﻗﺪﺭﺩﺍﻧﻲ
ﺩﺍﻧﺸﻜﺪﻩ ﺑﻬﺪﺍﺷﺖ ﺩﺍﻧﺸﮕﺎﻩ ﺍﻳﻦ ﭘﮋﻭﻫﺶ ﺩﺭ ﺁﺯﻣﺎﻳﺸﮕﺎﻩ 
ﺍﻧﺠـﺎﻡ  5922ﻋﻠﻮﻡ ﭘﺰﺷﻜﻲ ﺍﺭﺩﺑﻴﻞ ﺑـﺎ ﺷـﻤﺎﺭﻩ ﻗـﺮﺍﺩﺍﺩ 
ﮔﺮﻓﺖ ﻭ ﻧﻮﻳﺴﻨﺪﮔﺎﻥ ﻣﻘﺎﻟﻪ ﺍﺯ ﺣﻤﺎﻳﺖ ﻣـﺎﻟﻲ ﻭ ﻣﻌﻨـﻮﻱ 
 ﻧﻤﺎﻳﻨﺪ. ﻣﻲﺍﻳﻦ ﺩﺍﻧﺸﻜﺪﻩ ﺗﻘﺪﻳﺮ ﻭ ﺗﺸﻜﺮ 
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